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PREFACE 

The United States is facing one of its most challenging decades in recent 
history. Fuel supply and inflationary prices have forced us to consider 
alternate energy sources as a means of preserving our standard of living, 
industrial society, and economic stability. One such "alternative is solar 

Presently, foreign crude oil, provides the raw material for about one-half 
the liquid fuel production in the U.S. Political instability in foreign 
oil-producing countries underscores the need to decrease our ever-igrowing 
dependency on foreign energy sources and to lessen our vulnerability 
to such imports. Solar energy as an alternate can be used as a renewable 
domestic energy source and to supplement our increasing appetite fhr oil. 

To help bring about the potential for solar energy, there must be a cadre 
of trained technicians to design. Install,' troubleshoot , and market 
'solar energy so that the consumer can feel comfortable in the market's 
ability to Service, and react to his/her solar energy needs". 

With the support of the National Science Foundation, Navarro College, 
in consortium with North Lake College, Brevard Community College, Cerro 
Coso Community College, and Kalaspina College, has developed and pilot 
vtested a two-year associate degree curriculum to train solar technicians. 
It can be duplicated or replicated by other educational institutions for 
their training needs. 

The two-year technician program prepares a person. to: 

1) apply knowledge to science and mathematics extensively and 
render direct technical assistance to scientists and engineers engaged 
in jJSolar energy research and experimentation; 

2) design, plan, supervise, and assist in installation of both 
simple and complex solar systems and solar control devices; 

3) supervise, or execute, the operation, maintenance and repair 
of simple and complex solar systems and solar control systems; 

4) design, plan, and estimate costs as a field representative, 
or salesperson for a manufacturer or distributi^r of solar equipment; 

5) prepare or interpret drawings and|\sketches and write 
specifications or procedures for work related |t) solar systems; and 

6) work with and communicate with bo^Ji the public and other 
employees regarding the entire field of solar energy. 

This curriculum consists of nine volumes: 

1) an Instructor's Guide for the eleve^ solar courses, to 
include references, educational objectives, tran^arency wasters, 
pre-tests and post-tests, and representative student labs; 

2) an' Implementation Guide addressing equipment, commitment, 
and elenlents to be considered before setting up a solar program; 

3) Student Material for each of seven of the core solar courses: 

a) Materials, Materials Handling, and Fabrication Processes; 

b) Sizing, Desigij, and Retrofit; 

c) Collectors and Energy Storage; 

d) Non-Residential Applications; 

e) Energy Conservation and Passive Design; 

f) Codes, Legalities, Consumerism, and Economics; 

g) Operational Diagnosis, 
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USE OF THE STUDENT MATERIALS 

The intent of this manual is for student use as a supplement to 
the instructor's guide for the same course. It contains readings, 
exercises, worksheets, bibliographies, and illustratons tp reinforce 
the concepts contained within this particular course of study. Each 
student materials manual is written, in a similar format but differs 
in some details due to the nature of the course and the subject 
natter covered. 

Pretests*, posttests, and lab exercise are not contained in this^ 
manual. Refer to the instructor's guide for this course to find these 
items. 

Student materials manuals are supplied for seven of the eleven 
solar courses in this project. The four not included are: Intro- 
duction to Solar Energy, Energy Science I, Energy ^Science II, and 
the Practicum. 

The pagination code is used as follows: 

I — the Roman numeral coordinates with the Roman ntimeral 

of the instructor's guide. 
S — the "S" signifies that the page is from the Student 
Material. 

< 

5 — "the Arabic number reflects the specific page within 
this manual, numbered sequentially throughout. 
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CODES LEGALITIES, CONSUMERISM A'ND ECONOMICS 

' CONSUMERISM 

THE SOLAR POTENTIAL 

(s • Economic analysis of solar energy ap- 

plications haVe indicated that within 3 to 5 years it should 
be possible to construct systems cap^able of supplying all of 
the heating and hot water requirements of 1 arge \bui 1 d i ngs at 
prices which would be competitive with conventional e.lectric 
heating. The systems would b^ competitive if an investment 
X credit was granted to the solar equipment. 



Electricity used in residences and commercial facilities for 
\t.ighting, television sets,^ dishwashers, and other appliances 
expected to represent about 9?S. of the primary energy coh- 
imed in the United States in 1985. Residences and commer- 
di\al builtdings pay the highest rates for el ectri ci ty si nee 
these rates must include charges for the costly equipment 
needed to distribute the electricity to a large number of 
small consumers. It; is likely, therefore, that devices for 
generating el ectri ci ty . from sunlight will find their first 
large markets in this sector. (Solar Electric devices will 
finq substantial markets in remote mi 1 itary outposts , si g- 
nailing devices, and other i ns tal 1 a ti ons before the large 
residential market can be approached. The market for systems 
in remote areas could, however, amount to several hundred 
millions of dollars of annual sales, particularly if markets 
in noni ndus tri al countries can be captured.) Within 10 to 
15 years it may be possible to'develop onsite solar devices 
capable of producing electricity for $0.04 to $0.10 per kWh, 
rates, which may be competitive with the cost of electiriciy 
delivered to residential and commercial customers from new 
utility generating plants. 

- " ♦ 

There is also a potentially large maVket for direct solar 
energy equipment in industry and agriculture. Analysis in- 
dicates that 2 to 1% of U.S. energy is consumed in these 
sectors at temperatures below the boiling point of water, and 
7 to 13% is consumed at temperatures below 350OF.' ^Solar equip 
ment is now available which can easily provide fluids or 
direct heating at these temperatures. In many ways, indus- 
trial and agricultural markets are more attractive than the 
residential and commercial markets since the residential and 
commercial customers are much more diverse and will probably 
require a more complex and expensive i nf ras tructure f or sales 
and installation. The larger customers are also likely to be 
confronted with gas curtailments during the next decade and 
will be in the process of selecting a replacement for natural 
gas . ^ 

There- are, however, several major obstacles to solar use in 
industry and agriculture. Consumers in these categories can 
use a variety of different conventi onal f uel s (many can burn 
coal directly) and pay much less for electricity than resi- 
dential and commercial cus tomers . Moreover , they typically 
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expect payback times on the order of 1 to 3 years for invest- 
ments in new plant equipment. The cost of industrial solar 
heat can also be somewhat higher than solar heat provided for 
hones and residences if it is necessary to install collectors 
in fields where land, footings, and other aspects of site 
preparation must be charged to. the solar equipment and where 
piping heat to the factory can be expensive. Smaller in^^ 
stallations can be supported by building roofs and heat is 
generated close to the site where the energy is used. 

Analysis of the cost of providing electricity and process 
heat to a large three-shift industry from different kinds of 
energy equipment which began operating in 1985 indicated that 
direct solar heat for 1 ow- temperature applications would be* 
competitive with oil if it was assumed that oil prices in- 
crease to $15 to $20 per barrel by the year 2000 and if the 
solar equipment is financed by a private utility. Solar heat 
at temperatures in the range of 3500F was competitive only if 
it was assumed that oil prites reach $19 to $25 per barrel-by 
1985, and are $30 to $40 per barrel by 2000. Competition with 
natural gas and.coal was possible for systems starting in 1985 
only if it* was. assumed that the prices of these fuels increase 
by a factor of j^hearly three (from 1 976 levels) by the year 
.2000 (e.c)., coal costing $60 per ton). While such price in- 
creases are possible for natural gas, it seems unlikely that 
coal prices will increase at this rate. It is also possible 
that solar heat at temperatures below SOO^F to 600OF will be 
competitive with heat derived from synthetic Tiydrocarbons 
made from coal . 

While most solar heating systems for large indjjstrial or agri- 
cultural facilities may not be fully competitive with conven- 
tional fuels before the mi d- 1 980 ' s , it will almjDst certainly 
be possible to find industries whose specific problems are 
well suited to the use of solar energy in the near future. 
There may wqII be a large near-term market for grain drying 
systems in less-developed coun tri es , f or example. Near-term 
markets for solar equipment in the industrial sector could 
also result from existing env i ronmen tal legislation; solar 
energy may prove to be an attractive way to expand industrial 
capacity while minimizing increases in emissions. 

Solar cogeneration devices using solar cells or Stirling 
engines may be attractive in roughly the same circumstances 
that found solar hot water competitive, although the solar 
systems were 1 ess attracti ve whein compared with cogeneration 
systems using convent ional fuels. It seemed unlikely that 
solar electric systems which did not cogenerate would be 
able to compete with the low cost of electricity delivered 
to ijidustrial facilities from conventi onal sources until at 
least the mid-1990's, al though unexpected progress in re- 
search could well accelerate the rate at which the solar 
electric systems become competitive. 

n 
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Solar energy used for direct heat in blast furnaces, glass 
plants, and other facilities requiring heat at very high tem- 
peratures (uses representing 12 to 19% of U.S. energy con- 
sumption) are unlikely to be competitive before solar elec- 
tric systems. Development of an efficient thermochemi cal 
process, which could be ^condjcted in a solar collector and 
reversed in a special burner at high temperature when heat 
is needed, would greatly imporve the prospects for using 
direct solar energy in hi gh- temperature appl i ca ti ons ♦ 

Direct solar energy is unlikely to be used as a substitute 
for any of the chemical feedstocks which now consume about 
3% of U.S. energy. Biomass would clearly-seem to be the pre- 
ferred solar source for feedstocks. 

Similarly, transportation, which consumes about 25% of U.S. 
energy, is unlikely to provide a major near-term market for 
onsite direct solar energy. There may be some ci rcums tances 
where electric vehicles could be charge^d from solar-generated 
electricity. Development of a thermochemi cal , react i on which 
yields a portable chemical with a high-enert|y density would 
also make "direct" solar transpora ti on a possibility. It 
is unlikely that the direct solar sources would be preferred 
to synthetic fuels from biological or other sources. / 



Considerable caution must be exercised in interpreting state- 
ments about the. "competi veness'* of solar energy systems. 
First, the benefits of solar equipment can only be realized 
if the prospective owners compare solar and alternative 
systems on the basis of life-cycle costing. Life-cycle costs 
will, in turn, depend on the type of owneV* since each will 
have a different tax status," sources of capital, and economic 
expectations. Solar devices may be owned by the residents 
of the building, a private corporation, or a .municipal or 
privately owned utility. Each will make different estimates^ 
of the advantages of. the solar investment. Whether prospect! 
solar custom^ers will actually employ such a procedure is dif- 
ficult to anticipate and will depend to some extent on the 
skill with which the solar equipment is sold. / 



It is difficult to establish a fair basis for comprnting the 
cost of nonsol ar equipment since the performance oY nonsolar 
is likely to iHprove as the. price of conventional energy in- 
creases. There is also great variation in the cost of energy 
around the country; regional differences in energy prices 
are qreater than differences in the amount of sunlight avail- 
able. 

It must be recognized that if onsite solar energy is to make 
a major impact on the U.S. energy economy by the turn of the 
century, it will be necessary to find ways of installing 
solar equipment on existing buildings. This process can be 
difficult: such intallations are likely* to be more expensive 
than devices attached to new structures, although there is at 
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present no rel^ible i nformati on about the additional costs 
which could expected. It is likely that the percentage 
increase in costs wogld be smaller in larger buildings. 



There may well be situations where it is not possible to 
retrofit an existing structure with solar equipment. Densely 
populated urban areas and heavily treed suburbs present par- 
ticularly difficult problems, and solar energy used at these 
sites is unlikely to come from onsite systems. Building 
orientation^ may present difficulties in some cases, but a 
roof must have a particularly poor orientation or roof shape 
to present a major problem for a solar installation. 



SOLAR CONSUMERISM 

Buyi nq Sol ar : Every so often it seems, the American people 
learn about a tOntally new product in the marketplace. Several 
years ago, for instance, the hand electronic calculator was 
but a wink in a businessman's eye. Now, one can walk into 
almost any retail outlet and purchase one to keep the checking 
account in balance and to help figure out the income taxes. 

Similarly, it wasn't too long ago when stereo systems first 
came on the marke tpl ace , and Americans heard a totally new 
1 anguage--woof ers , tweeters, anti-static devices, distortion 
levels, etc. To choose properly, consumers had to learn 
what these terms meant, and then thfivy had to learn/ how to 
compare competing products. Because so many Americans took 
the time and trouble to learn these essentials, stereo man- 
ufacturers by and large fought for the consumer ' s ' busi ness 
by selling quality rather than imagery. Two important re- 
sults occurred-superior products and satisfied customers. 

Will solar evolve, as stereo did, into a wi despread , bene^ 
ficial industry? To a great extent, that answer depends upon 
the American consumer. The more people who take the time 
and effort to become good buyers, the greater the chance 
that solar energy will reach its full potenti.al --provi di ng 
safe, economical energy to millions of American families. 



Selling Solar : The solar industry now manufacturers and in- 
stalls renaDle and practical systems that, given tax credits, 
can pay for themsel ves wi thi n a reasonable period of time. 
Nevertheless, current sales volume is too low to sustain the 
industry. Indeed, the most serious problem facing the solar 
industry today (1982) is simply that it cannot sell enough 
systems . 

The industry critically needs a big enough boost in sales 
volume right now to set in motion events that will lead to 
stilTmore volume in the future. Survey research data con- 
firm what solar industry people have known- lack of sales 
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volume is due to misconceptions about solar and a low level 
of public awareness about domestic hot water systems. In a 
nutshel 1 , consumers are unaware that solar domestic hot water 
is a ''here and now" technology that can, save energy. 

A key activity in the area of consumerism is, therefore, to 
undertake a major generic educational and puolic awareness 
program in order to increase the sales volume of solar do- 
mestic hot water systems. While the awareness progVam is 
essential to improving sales volume, the problems of credi- 
bility and consumer assurance must also be .addressed . 

Solar Consumerism Key Recommendations : The results of a 
1981 field survey of active solar systems identified the fol- 
lowing to be the key recommendations for solar consumerism: 

1. Undertake a major generic educational and public aware- 
ness program in order to increase the sales volume of 
solar DHW systems. ^ ' ^ 

2. Develop a low-cost, consufner-ori ented performance moni- 
toring device for i ns tal 1 ati on' on all future solar DHW 
systems . 

3. Devise better sensing devices to check on the state of 
the glycol and implement regular servicing programs, 
including service contracts. For glycol systems already 
in place, send homeowners a timely reminder notice, 
perhaps with a service contract proposal. 

4. Devise and implement major cost reduction programs now 
in order to offset the scheduled expiration of Federal 
tax credits in 1985. . ^ 

5. Encourage the Solar and HVAC industries to jointly de- 
velop solar integrated designs (SID), for heating and 
cooling, which maximize consumer rates of return (ROI) 
and permit modular expansion. This effort should be 
supported with the development of appropriate design 
aids and applications training. 



Solar Consumerism -- Important Recommendations : 

The results of a 1981 field survey of active solar systems 
indicate the following to be important recommendations for 
solar consumerism: 

1. Aim R&D programs to develop second generation products., 
using new materials, in order to reduce cost sufficiently 

2. Establ i sh trai ni ng programs for dealers and contractors' 
in areas of sales, application, installation and service, 
busi ness management and business growth management. 

. , 14 . ,„■ , 
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4. 
5. 
6. 
7. 



8. 



Involve electric ai\d_gas utilities in S4)1ar development, 
improving consumer confidence and creating new sales 
when such involvement is economically beneficial to 
utilities, consumers and the solar i ndus try • 

Strengthen channels of communication within the industry 
and with related industries* 



Promote s tatewi de uniform solar codes 
existing model codes* 



preferably using 



Seek i ndus try-wide consensus 
installation guidelines. 



on sizing methodology and 



Test and certify solar components and systems for per- 
formance and durability on a nationwide basis, allowing 
flexibility for local environmental conditions and tech- 
nical advances which may alter the configuration of systems 

Certify solar installers who demonstrate competence either 
by extensive experience or by pas.sing a basi c con tratptor ' s 
exam with a solar specialty adjunct. \ 

Develop long-term financing arrangements appropriate to 
the needs of the mass market. 



Consumer Attitudes 
i ndus try today i s 



The most serious problem faQin^ the solar 
simply that the industry cannot s^ll enough 
systems. Dealers, installers, and manufactures in surveys 
across the country mention this as their number on^ problem. 
Solar industry people impute the lack of sal es volume . to a " 
low level of publ i c'awareness about solar energy s^^stems . 

The total potential market for any new product may be sub- 
divided into several consumer sectors. "Early innovators" 
and "early adopters" precede "majority" or mass market buyers, 
as outlined in the accompanying figure. 
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Adopter Categorization on the Basis of Innovativeness: The in- 
novativeness dimension, as measured by the time at which an indi- 
vidual adopts an innovation is contifiuous. However, this variable 
may be Mtrtitioned into five adopter categories by laying off stan- 
<)drd dfifviatfons from the average time of acjoption. 
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Early innovators buy a new product for the thrill of being 
first on the bandwagon, or from curiosity. Early adopters 
buy later than the innovators, but before the larger mass 
market. Early adopters are symbol show-offs, and more 
future oriented than the mass of buyers which a product will 
eventually reach. Data provided by manufacturers of solar 
equipment in field surveys indicates that the industry, in 
1980, has only attracted the "early adopters" and has yet oto 
penetrate the mass market. 

From the. contractors in New England to the Manager of the 
Energy Unit for the California Department of Consumer Af- 
fairs, almost everyone categorized the average present day 
consumer as a college graduate, in the upper income brackets, 
with 5'Ome engi neeri ng , .s ci en ti f i c or technical expertise. 
Over 75% (and 1n some places as high as 9,5%^) of all those 
who have bought retrofit. DHW systems over the past five 
year^. have paid cash. 

Consumers as a whole, however, are not convinced that s^>ar 
can and will work for them. They have heard about thje-^rob- 
lems with splar systems in recent years, and would ffrefer to 
let other ^homeowners play "guinea pig" with a n^w energy- 
saving device. ^ ^ 

Marketi ng 

Active Solar Industry : The active solar industry is currently 
developing from a base in swimming pool heaters and the do- 
mestic hot water market. Much of the industry is character- 
ized by relatively small, undercapitalized f^rms, often staffed 
by young, enthusiastic, but inexperienced and untrained busi- 
nessmen. The industry is realatively easy to enter. Statis- 
tics indicate that the industry had a major growth period in 
the mi.d-70's, when many new f i rms en tered the market. Exit 
rate is also high; a number of factors contribute to the rate 
of business failure. Ihe inordinately large number of firms 
competing in a limited market keeps profits per firm low, re- 
stricting the resources any one firm can invest in further de- 
veloping and promoting solar technology. Ski 1,1 ed busi ness- 
men are essential to growth. 

Although the market for solar products is fairly clear and 
well-defined, the industry itself is not. It is nearly im- 
possible to define the "solar industry" to the satisfaction 
of all concerned. The Energy I nf orma t i on Administration (EIA) 
uses a narrow description to generate working statistics, 
including in the industry, "all companies that manufacture^ ^ 
solar energy collectors, and/or companies that are importers 
of SoOlar energy collectors". This definition excludes the 
non-manufacturing sectors of the industry, and those whose 
businesses may be ojhly partially dependent on solar-related 
revenue. However, such businesses as component manufacturers. 
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distributors, delaers, installers-, builders, architect/ 
engineers, and those who perform basic research and develop- 
ment consider themselves very much a part of the solar indus- 
try. The EIA definition does cover those businesses primarily 
dependent on the newest and only exclusively solar component 
of active systems, the collector. EIA statistics therefore, 
provide a basis for comparison in charting the development of 
the active solar industry. 

Between 1974 and 1979, the number of solar collector manufac- 
turers making medium temperature collectors (i-e., collectors 
suitable for domestic hot water and space heating) increased 
from 39 to 226. Sales revenues expanded at the same time 
from $1.5 million in 1974 to $65.4 million in 1979. The most 
dramatic growth took place in 1975-77, leveling off signifi- 
cantly in 1978 and 1979. The growth rate, while it reflects 
a substantial increase in demand for alternate energy sources 
during that period, also suggests that the solar market is 
relatively easy to enter. Most fiif^ms, even after the major 
growth period, were stiTl very small, suggesting that they 
remain low capital ventures. Published research confirms 
that solar businesses, because they are new ventures, have 
minimal capitalization and employ only" a small number per 
firm. 

The rate of market exit is also high, reflecting the diffi- 
culty of surviving as a new and undercapitalized firm in a 
volatile market. One industry observer in Florida estimated 
a 25-5Q% annual turnover rate in that state. Another study 
of the San Francisco area estimated that one-third of the 
local solar manufacturers leave the market each year. An 
architect/engineer in northern Cal i f orni a al so indicated 
that the turnover among dealers was equally high and went 
further to suggest that an interested consumer should compare 
phone book listings to find a good dealer. Any firm listed 
in two consecutive years could be considered as good a bet 
asonecanfind. 

Solar Entrepreneurs : A brief character profile of solar 
entrepreneurs hints at the reaspn solar thermal technology 
has developed to its present position in spite of the ob- 
stacles. The latest edition of the Solar Energy Source 
Book, published by the Solar Energy Institute of America, 
includes company prof i 1 e/^H^hi ch give a composite picture 
of the solar entrepreneur. Company listings indicate that 
a significant portion of the industry is made up of private 
individuals who have incorporated' themselves and begun to 
make collectors. Many of the solar companies have founders 
with backgrounds ranging from undergraduate study in anthro- 
pology to careers in the military. Many had t.echnical and 
scientific aptitude, but few had years of hands-on trade 
experience, and fewer still had business trai ni ng . The 
small companies often lack such essentials as printed cata- 
logues, installation guidelines, and service arrangements. 
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These same profiles, however, suggest that solar entrepre- 
neurs are highly committed to solar as an energy source, and 
are extremely enthusiastic, maybe even over-enthusi as ti c , 
about increasing its marketability. One new business in 
Connecticut, for example, which had as yet no installations 
to its credit, and no manufacturing plant, claimed a pro- 
duction capacity of 500 units/month, and was working to es- 
tablish an i n'ternati onar market . Another company had pro- : 
duced only 3 units,' but cl aimed .producti on capacity of "500/ 
year ++", as well as "worldwide" distribution. A number of 
such new enthusiasts are profiled in the Source Book. This 
type of dedication and determination alone may assure a con- 
tinued place for solar in the energy market. 

On the other hand, many solar businessmen combine enthusiasm 
with sol id business expertise.. In recent surveys, one busi- 
nessman had apart icularly well-developedmarketing program; 
another exhi bi ted n nvol vemen t wi th product research and de- 
velopment efforts . Several businesses were moving toward 
distribution arrangements , • and some were pursu*ing well-de- 
signed cost reduction strategies. These businesses are much 
better equipped to eff ecti v^ely market and service their pro- 
ducts, and suggest the presence in the industry of growing; 
business skill. The combination of the enthusiasm of new 
businesses with the increasing business sophistication of 
older veMures gives an optimistic outlook about the long- 
term future of the industry. 

It can generally be concluded that at this time the solar in- 
dustry is developing in a normal and healthy manner, as com- 
pared'with the heat pump and other new industries. It can 
continue to grow, based on the commitment and increasingly 
seasoned business judgement of solar business people. 



Industry Credibility : The^ active solar industry can pene- 
trate the space heating market from a rapidly maturing in- 
dustry based on the domestic hot water market. The DHW 
industry now manuractures and installs reliable and practical 
systems that are cost effective. The industry still has cost 
and quality problems, but most of these, could be solved, if 
sales volume were high enought. Unfortunately, sa.les volume 
is not high enough. Indeed, the industry cri ti cal ly needs 
a big enough boost in volume right now to set in motion 
events that will lead to still more^volume in the future. 
This can happen, but only if an awareness campaign is mounted 
which will educate the public specifically about solar DHW as 
a generic product. 

Assuming such a generic campaign is mounted, a number of other 
things must be done to help solar DHW increase its volume of 
sales to reach the mass market, first in hot water heating, 
and then in space heating. In order to build industry credi- 
bility and reassure consumers , system performance must be 
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monitored, utilities involved, codes and standards improved , 
delaers licensed and installers certified. In order to make 
solar affordable to the mass market, long-term financing must 
be offered and costs radically reduced. All of these efforts 
take time--which means that they must get started as soon-^as 
possible, . ^ 

There are virtually no adequate solar installer certification 
or cojitraictor licensing procedures. The solar industry and 
sol ar con tractors are unanimous in stating the need for cer- 
tification for installers. Both groups feel that proper 
testing of skills or knowledge prior to certification would 
lead to better installations. It would also- provide a mini- 
mum 'level of consumer assurance. 

Proper testing and certification of solar installers is a 
high priority action on the part of states. Proper testing 
of other appropriate contractor 1 i cense categories for sup- 
plementary solar adjunct is also necessary; It would be ap- 
propirate for the private sector to develop a consensu^ cer- 
tification requirment to provide to states as a model for 
adoption. A solar license should allow the solar contractor 
to connect a potable water piping to the tank. 

The Secondary Sectors 

Uti 1 i ti es : Given the twin facts that (1) potential buyers of 
solar DHW equipment must consider a system that costs $3000-4000, 
perhaps the third largest expenditure they will ever make, and 
(2) DHW dealers and manufacturers are relatively new--it*s no 
wonder that consumers need some kind of assurance before they 
take the plunge. What's needed atthis stage is a recognized, 
reputable institution not only to promote solar technology, 
but to loan solar the credibility in local markets which, 
by itself, it cannot yet inspire. The utilities may be the 
appropriate institution. 

There are advantages for the utility in participating, as 
well as for the solar industry. The increasing use of solar 
energy for DHW not only decreases the need for direct or in- 
direct burnincj of fossil fuels, but also frequently results - 
in a shift in energy type used for back-up or supplementary 
purposes. As an example, a house formerly served with DHW 
from an oil-fired space heating boiler may be converted to 
a soTar system supplemented by electricity or natural gas. 
Thus, the gas or electric utility has a new load imposed 
upon its system which does not conform to its historic water 
heating 1 oad patterns , Whether the growth of these new load 
shapes has a positive or negative economic effect on the 
utility may reasonably be under the control of the utility. 

An east coast electric company is an example of active utility 
participation in solar water heating. Through its own pro- 
motion and working through local HVAC and plumbing contractors 
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the, utility sold approximately 600 solar DHW systems over a 
two year period. Each system was provided with electric sup- 
plement suppli.ed on a ti me-of -day bas i s at a reduced rate. 
The availability of el ectri cal supply to the water heating 
elements'is completely restricted to the period between mid- 
night ahd 7rOO A.M. daily. This time period is governed by ; 
a time-of-day meter and a relay supplied by the company. The 
meter and, relay measure and control only the water heater cir- 
cuit. Storage capacity for hot water'^is sized to compensate 
for the supplemental heating restrictions. Tank sizes are 
82 to 120 gallons. A simplified performance monitoring system 
is contained 'in each installation. Each customer provides 
monthly data to the utility by mail. 

Throuah this pilot program, the utility has gained knowledge 
of syCtem quality, performance and sizing optimization. Most 
importantly, it has learned the extent to which new loads and 
load shapes will impact on the economics of their business. 
These new loads have been added under conditions which econom- 
ically benefit both the utility and its customers. The util- 
ity is assured on only >ni*ghttime loads and the customers re- 
ceive a lower electrical rate for water heating. 

However, the above example is an exception to the general 
situation. For. the most part, there is a general lack of 
communi cati Oi;i between utilities and the solar DHW industry 
both on a national and local basis. This can have a potential 
negative economic effect on the. utility,' the solar dealer and 
the customer. For example, a customer in the Northeast was 
planning to install solar DHW. At the same tiine, the local 
electric utility was preparing to inaugurate lower time-of- 
day electric rates. Neither the consumer nor the solar in- 
staller knew of the utility company's plan, so the DHW system 
was not designed with a hot water tank big enough to take ad- 
vantage of the new nightime rate. Better communi cati on woul d 
have avoided adding demand to the utility's peak, secured the 
solar dealer a more enthusiastic customer, and would save the 
customer more money. 



Recommendations to the electric and gas utility industries 
both on a national and local basis, would include the fol- 
1 owi ng : 



1. Establish communications with the sol ar i ndus try including 
manufacturers, wholesalers, and dealers. 

2. Be alert to the need for communi cati ng* wi th the solar in- 
dustry in matters, such as policy or new rates which may 
alter the design oY cost effectiveness of solar systems. 

3. Make available to the solar industry and especially to 
their suppliers of DHW controls, the utility^s methods 
of controlling off-peak, tirhe-of-day , usage. 
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4. Determine the economic effects for the utility and its 
customers where solar is applied to various system con- 
cepts for water heating, space heati ng, and space cooling. 

5. Provide solar energy information and* sponsor training to 
buying influences such as builders, architects, and en- 
gi neers 

6. Help create consumer awareness by incorporating state-of- 
the-art solar data in such activities as speaker's bureaus 
and consumer advertising. 

The solar industry is young. Its customers and sales prospects 
need the reassurance which can be provided by local, more es- 
tablished industries such as electric and gas utilities. It 
would be highly desirable if the common ground between the 
utilities and the solar energy in^jlustry could be promptly 
identified and explored, especially in the areas of load 
management and marketing. Local action, because of varia- 
tions in utility policies and rates, is especially advocated. 

The 'adoption of such recommendations could provide both the 
utility and the fledgling solar industry with s-ound economic 
growth. Most importantly, economic benef i ts coul d also be 
provided to their mutual customers. 



Financing : Even with substantial cost reduction, and improved 
consumer confidence, solar will not necessari ly attract mass 
market consumers. The mass market will have to purchase sol ar 
systems on credit, and therefore, long-term financing is es- ^ \f.. 
sential if solar is to penetrate that market. Financing a 
system has not yet become a problem because the early adopti^rs 
can afford to pay cash for their domesti^c hot water systerjis. 
And the early adopters are not overly concerned about payback 
times and positive cash flows. Not so the mass market. Most 
buyers in this market will need some kind of financing arrrange- 
ment that will generate a positive cash flow almost immediately. 

Although there are a few contractors and builders whp are 
designing innovative finance plans, the only generally avail- 
able financing at /present seems to'be normal bank loans for 
home i mprovemen ts ,\^and these at high interest rates for rel- 
atively short ti me per i ods , e.g., 7 years. This is just short 
of what is needed to be attractive to the mass market. An 
atTractive financing plan for the mass market would have to 
generate a positive cash flow by the end of the first year. 
Ideally, the homeowner ' s fi nance payments should be less than 
the amount of money he used to spend to heat his hot water. 
Based on cal cul a ti ons by the Institute of Public Administration, 
it appears that a 10 year financing plan, at 15% interest, 
would generate a positive cash flow starting with the first 
year on a solar DHW system costing 12000 net after tax credits 
(conclusions drawn from cal cul ati ons made in February 1981). 



ERJC 



21 



IX-S-15 



The Institute of Public Administration calculations used the 
severe weather conditions of the Northeast, where water is 
heated mainly with oil, but the caluclations have a more gen- 
eral relation to the overall situation. First, the calcula- 
tion i ndi cates that the appropriate loan period for a solar 
system is somewhat longer than for other home improvements, 
requiring a 10 year rather than a 7 year limit- Second, 
assuming the loan period for solar DHW can be extended to 
10 years, the government could reasonable expect commercial 
lending institutions to handle the financing, obviating the 
need for a program of low cost solar loans to homeowners . 



Codes and Standards : Specific system and component assurance 
must be provided through the development of appropriate codes, 
standards and certification programs^. There are over 22 dif- 
ferent organi zati ons whi ch have or are preparing solar codes 
and standards documents. This plethora of proposed codes 
ha? caused confusion within the solar industry and» more^ 
importantly, within loc^l government code enforcement agencies. 
As a result, different codes and methods of enforcement may 
be present in a relatively small geographic area such as the 
Denver metropol i tan area . 

There appears to be a consensus among Code officials and the. 
solar industry that a manual, such as the "Solar Systems Code 
Revi ew Manual " , published by the International Conference of 
Code Officians (ICBO), would form the basis for permit ap- 
proval. This approach is preferred to the adoption of a 
model solar code. The advantages lie in the fact th?it code 
officials and the private sector are generally familiar with 
existing model codes for which there is broad consensus. 
The ICBO "Solar Code Review Manual" or a similar manual 
should be di s tri buted .wi dely to 1 ocal government officials, 
industry trade organi zati ons, and i ndus tri es . Trai ni ng in 
the manual's use would be appropriate for potential users to 
ensure uniformity of interpretation and application^- The 
primary responsibility f or di s tri buti on , training and enforce- 
ment should be placed on state governments. 

A consensus has not yet been reached on what constitutes a 
properly sized solar system. California is likely to* have 
state-wide sizing guidelines shortly. A need exists, however, 
for a sizing standard which takes into account such variables 
as local climatic conditions, the generic solar systems to 
be used, the load size, and system performance. A comparable 
problem existed years ago in the HVAC industry. It was solved 
by the industry, the trade associ a ti ons , and its professional 
societies by adopting uniform, flexible standards and methods. 
These standards and methods would then be available for use 
throughout the solar industry and by code officials. 
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ECONOMICS 

Is solar a good investment for you, the consumer? Ihe question 
is simple, the ansv^/er is complex. To know why, one might com- 
pare buying solar with buying a house as opposed to renting one. 
When you buy a house, you slowly but surely gain ownership. 
When the day finally comes that "you pay your last mortga^ge pay- 
ment, it's all yours. No more payments. If you have to sell 
before you make the last installment, you certainly won't lose 
much from your investment and, in fact, you probably will re- 
ceive more for your home than you paid for it while saving on 
tax de^ductions. But to realize a return or a profit on your 
investment, you will have to undertake regular maintenance 
and repair activities. If you rent, you don't have to worry 
about maintenance and . repair, but when it comes time to move, . 
all those rental dollars are lost forever. 

Buying solar is somewhat the same, but with a few important 
differences. When you buy a solar system, you are concerned 
about initial and lifetime costs. There are today some new 
home builders who claim that costs for tlieir residences with 
hybrid or passive solar systems are close to prices for com- 
parable homes with conventional heating and cooling systems 
If these systems functi on, properly , then the consumer can 
expect a very short payback period--that is, the time needed 
when the savings from using solar energy will pay for the 
extra cosT:s of the system. 

If you are going to buy an active system, however, your ini- 
tial costs will be much larger than the price for a conven- 
tional system, and your payback period will be much longer. 
You will in a sense be paying for several years' supply of 
energy all at once. As v/ith passive systems, you will have 
to be concerned about durability. Maintenance and repair 
costs will add to the time needed to pay back on the system. 
But when the solar, system is paid for, you will have free 
energy coming into your home. If you relied on a conventional 
system, it would be like renting--no hope of ever regaining 
the dollars spent for the operation of a conventional system. 

However, as with renting a'home, renting or leasing a solar 
system may provide you with some advantages. If, for instance, 
you were offered the rental of a solar system for $25 a month, 
repairs and maintenance included, with an estimate that it 
would save you $40 a month in utility costs, then you could 
come out ahead by $15 a month or $180 a year if the projec- 
tions were correct. You would never own the system, but you 
would obtain some savings with no repair or maintenance 
problems to worry about. 

There are times when a solar system is not a smart purchase', 
when conventional systems are a better buy. You may find 
that initial costs are prohibitive, or that the time period 
to pay back your investment is too long for your needs. Or 
that some of the unknowns about solar, such as solar rights 
and property appreciation or depreciation., are too risky. 
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Solar heating practitioners concerned mainly with selecting 
and installing solar heating systems may seldom need economic 
information other than the costs of equipment and i ns tal 1 at i on 
labor. However, when it is important to make decisions and 
provide recommendations for the most economic alternative for 
heating a building, some form of economic analysis will be 
necessary. Solar heati ng systems require higher capital costs 
than conventional systems, and many economi c eval uati on methods 
attempt to determine the relative merits of "paying for hardware" 
or "paying for energy". One simple method is breakeven analysi s , 
which involves a comparison of/Uftit thermal energy costs de- 
livered by the solar system and a conventional system. A second 
simple method involves determination of a payback peri od re- 
quired to amortize initial investment for solar equipment with 
savings in cost of conventional energy. A more elaborate anal- 
ysis, which considers a number of important economi c factors 
during the life of the system, is called 1 i f e-cycl-e-cos t 
analysis . ' 

An economic analysis may include some or all of the factors 
1 i sted bel ow: 

Equipment and installation costs (or, alternatively, 
peri odi c mortgage payments) 
Operating Costs 

•r-Fuel Costs . . 

--Electrical energy costs for pumps and blowers 

Added property tax on the solar system 
-- Added insurance premium for coverage 
--MaintenanceCosts 
--Inflation 
-- Credits 

-- Income tax credits and/or deductions based on system 
costs 

-- Investment (for businesses) 

-- Income tax credits for interest and added taxes. 

The simple economic evaluation methods may require knowledge 
of only a few of these f actors , but. 1 i fe-cycl e costing may 
involve all of them. 
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CODES. LEGALITIES, CONSUMERISM. AND ECONOMICS 

ECONOMICS 

FUNDAME NTALS OF ECONOMIC EVALUATION 

Successful and wi despread applications of solar energy foY heating 
of bui Idi nqs depends ultimately on consumer acceptance. While 
it is very difficult to predi ct consumer actions under any given 
set of circumstances, consumer opinion does tend to be shaped by 
the prevailing legal, political, social and economic climate. 
Insofar as solar energy is viewed as an alternate energy source , 
it must compete with natural gas, oil, coal, hydro, and nuclear. 

If nonarbi trarj^ choices are to be made among energy alternatives, 
these alterhatives must be evaluated on a common basis. In a 
market economy this basis is an energy system's value,. which is, 
determined by the interaction of market forces. These market 
forces include scarcity of resources (both-energy and nonenergy) 
needed for the system, competing uses of the resources, and human 
needs and desires for the product. A market evaluation of alter- 
native energy options by individuals, househol ds , ' and f i rms re- 
sults in a dollar value being placed on each quanti ty of 'energy 
produced by a given system. Economic cons iderati ons are es- 
sential for'«the comparison of technically feasible energy alter- 
natives. Technical aspects of an energy system only determine 
its technical feasibility. Many products are technically pos- 
sible, but th6 existence of„a 1 ternat i ves makes this feasibility 
a moot point. Thus, the evaluation of energy al ternati ves must 
include economic considerations rather than only technical or 
pol i ti cal ones . " 

An individual, faced with a decision of whether or not to install 
a solar-heating and/or -cooling system would', vff hi s • judgmejit 
criteria were purely econoniic, compare the expected ra'te of 
return on the solar system with the expected rate of return on 
alternative investments.^ If a 'decision were made strictly on 
this basis, exogenous factors , such as- whether natural gaSrWOuld 
continue to be available, whether fossil fuels might be freed, 
for other priorities, or whether the pollutant level in the 
atmosphere might be reduced, would not have to be taken into - 
account. ... 

Considered as an investment decision, the true worth of an in- . 
vestment depends on how much income it wi 1 1 gener,ate--and how 
soon- -after the origi nal outl ay ; Other thi rigs being equal , 
investments that generate a la^ge share of total income in the 
early years of their, life are more desfrable than those that 
produce income in later yjears. Th.e investment returning income 
sooner provide the investor with money-in-hand that is then^ 
available for i nvies tment .i n other 1 ncome-produci ng .pro'j ects * 

The net investment in a solar energy system is the net cash 
outlay one has to make to switch from a certain conventional 
energy system' to a solar Energy and auxiliary system. Concep- 
tuiilly, this has to be so even though the switch is hyfTothetical . 
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The cash flows (dollar value of energy savings) occurring over 
the life of the investment are the savings realized by using 
solar energy. The economically oriented decision maker will 
thus want to calculate the discounted rate of return on invest- 
ment and the present worth of the cash flows occurring over the 
life of the investment. The investment is economi cal ly f easi bl e 
if the present worth of energy savings over the lifetime of the 
investment exceeds the initital cash outlay. 

Economic Efficiency 

There are many reasons for the renewed interest ifi solar energy 
systems. Resource availability is an important part of this 
interest. All resources, nonenergy as well as energy, are avail- 
able only in limited quantities during any given period of time. 
Because of these limitations, resources' need to be used as ef- 
ficiently as possible. While most people would p-robably agree 
with this conclusion, "efficiency" can have widely divergent 
meanings. 

Efficiency has often been defined with reference to a single 
inpiit. For example, energy efficiency often refers to the tech- 
nicsn efficiency of conversion processes: each unit of the 
energy resource used should produce as much of the desired com- . 
modity { el ectri ci ty , hea t , propulsion, etc.) as po'ssible. But 
such a definition dreates problems when there is more than one 
way to produce a commodity or more than one resource needed for 
production. Continuing to emphasize only one input is too 
narrow a definition. I ns i s ti ng tha t all rescources should be. 
used in their most technically efficient manner ignores the 
possibility for trade-offs among inputs. 

Possible trade-offs can be il 1 ustrated by considering electricity 
generation from steam. ^Steam can be produced by a n-uclear re- 
action or by the combustion of coal, natural gas, or oil. Each 
method of electricity generation has approximately the same tech- 
nical efficiency (in the 0.3 to 0 . 4. range )\r---Thus , if they were 
to be evaluated only on technical ef fi ci en(^ ,( there would be 
little basis for choosing among them. Nevefrtnel e^ss , there are 
good reasons for choosing one method of el ectri city generation 
over another. These reasons are largely based on the fuel and 
;caE)ital costs associated with each method, and on fhe patterns 
of electri,c energy usage. ' 

As shown in figure 2-1, the use of electric energy is not uni- 
form over any given day. Daily peak usage typically occurs in 
the late afternoon and early evening as people return home 'from 
their day*s activities, turn the thermostat up (in winter) or 
^down (in summ^er), turn on lights and the tel evi si on , and begin 
using their electric appliances to prepare dinner. A simi'lar, 
but smaller, peak occurs in the morning as people get ready to 
begin their day's activities. - . 
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• 6 a.m. Noon 6 pjn. Midnight 6 ijn. 

Figure 2-1 A daily pattern of electric energy usage 



Electric utilities are required to have enough generating ca- 
pacity to provide electricity during periods of peak usage. 
This means that over a significant portion of each day a frac- 
tion of their el ectri c Jenerati ng capaci ty is idle. The percent ♦ 
of an electric u ti 1 i ty genera ti ng capacity in use plotted 
against the number of hours that capacity is used .is called a 
load-duration curve. The 1 oad-duration curve for the electri- 
city use pattern. of figure 2-1 is shown i'^n figure 2-2. 

It is customary to classify an electric utility's generating 
capaci^ty according to whether it is used as base, intermediate, 
or peak Ipad. Capacity providing base load is in almost con- 
stant use during any given day. Intermediate load capacity is / 
used a significant portion of each day, whereas peak capacity : 
is used only for short periods of tim.e. 

The trade-offs in the generation of electricity depend^upon the 
cost of energy resources, the cost of generation facilities, 
and the pattern of electricity consumption, Of the energy re-- 
sources used to produce steam-genera ted el ectri ci ty , oil and 
natural gas are by Yar the most^ expensive per ki 1 owatt .hour of * \ 
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electricity produced. Coal is significantly less expensive than 
oil and natural gas, but is more costly than nuclear fuel. 

o 

On the other hand, a nucl ear el ectri ci ty generation facility Is 
the most expensive per kilowatt of capacity because of the. need, 
to contain the. nuclear reaction. Fossil fuel facilities are 
significantly less expens i ve- t han nucl ear faci 1 iti es . Although 
^^hey employ essential ly the same conversion process (combusti on) , 
coal-rfired steam electric generating facilities are more ex-- 
pensive per kilowatt of capacity than are natural gas and oil- 
.fired facilities, primarily owing to the additional pollution- 
abatement equi pment > necessary for coal facilities. 

Another consideration is the response time associate.d with each 
method of generation. It is a relatively 1 engthy process to 
bring a nuclear reaction to its designated (and hence techni- 
cally efficient) steam-generating capacity from a cold start. 
The fossil fuels produce steam through combustion and can there- 
fore produce steam more quickly than can a nucl ear.reacti on . 
However, combusti on from oil and natural gas is moYe easily and 
quickly begun and stopped than is. coal combustion.. 
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Nucl ear generati on investments are prof i tab! e onl>5^ when the ini- 
tial investment costs may be sprea'd over long periods of con- 
tinuous generation. Thus, nuclear electric generation capacity 
is utilized for base loads so that these expensive facilities 
are in use almost continuously. Coal-fired steam electric gen- 
eration provides the remaining base-load capaci'ty not provided 
by nuclear generation. With their lower f aci 1 i ty cos ts and 
higher fuel costs (compared to nuclear jeneration), it is less 
expensive to let them sit idle when theVe is unneeded capa-city. 
In addition, they can be fired up and shut down more easily and 
quickly than nuclear reactors. For similar reasons, natural 
gas and oil-fired steam electric' generati'bn provides peak ca- 
pacity and the intermediate capacity not provided^by coal-fired 
generation. 

The trade-offs between initial cos ts , recurri ng expenses, and 
the ability to meet changing demand patterns indicate why dif- 
ferent energy sources are chosen for el ectri ci ty generati on . 
Oil and natural gas are expensive energy sources, but facil- 
ities which utilize these fuels to generate electricity are 
rel ati vely cheap to build, and can respond to changing demand 
conditions more rapidly. These characteristics make oil and 
gas-fired facilities preferable when supplying peak power and 
fluctuating loads. Alternatively, coal and nuclear generation 
serves continuous^ loads at a lower cost, even though the ini- 
tial construction cost is greater because fuel costs are lower. 
Which form of generation is chosen depen?ds upon usage patterns 
and relative costs, and the trade-offs possible among these 
characteristics. 

Electricity generation from new energy alternatives rfiay even- 
tually become viable if other possible trade-offs among resources 
are considered. The list of trade-offs would include a wide 
range of resources--producti on capacity, energy inputs, the, labor 
required to assemble and maintain the product, and less obVious 
resources such as the ability of surrounding regions^to absorb - 
pollution and the willingness of nearby residents to accept 
heal th hazards and risks. To emphasize only one input--be it 
energy, laboc» or anything else--when cal cul ati ng ef f i ci ency 
ignores the contributions made by other inputs. In the past, 
a disregard for the regenerative capabi 1 i ti es of air, water, 
and plants led to high levels of pollution. Concentrating only 
upon the efficiency of energy usage could lead to similar side 
effects . 

<» • 

Economic definitions of efficiency allow for trade-offs among 
resources. An energy system is said to.be economi cal ly ef f i ci ent 
when it achieves its purpose'with the Ifeast mi sal 1 ocati on ofo 
resources. Technical efficiency is subsumed by this definition. 
If the quantities of nonenergy res'ourees used are held constant, 
consumption of energy resources must be technically efficient 
to be economically efficient. Furthermore, economic efficiency 
expilicitly, considers trade-offs between the energy and nonenergy 
resaur-ces used, as well as their by-products. m 
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The economic definition of efficiency is important when select- 
ing new energy technologies. Trade-offs among energy and non- 
energy resources and the value of each of these resources to 
consumers as well as producers must be considered. Systems 
that directly utilize soljar insolation could becom^an important 
energy source. However, currently available systems focus upon 
the heating and cooling of buildings and require significant 
amounts of surface area to collect sunlight. Further researgh 
and development (R & D) coul d produce sol ar technologies that 
generate higher temperatures, utilize less collector surface, 
or provide electricity more efficiently in the technical sense. 
Such new designs could be used by industry and electric util- 
ities. These innovations may be more technically efficient in 
terms of power output and land usage, but the new systems may 
also be relatively expensive, have new technology "bugs" that 
must be resolved and have the safety problems associated with 
any high-temperature or electric apparatus. Th ese addi ti onal 
considerations will be important aspects of sol ar technol ogy 
development. 

Besides the trade-offs among solar technol ogi es--hi gher temper^ 
ature versus greater safety hazards, widespread industrial use 
versus more expensive equi pment--there is a trade-off between 
solar technologies and other goods. An intensive government 
R & purchasing program designed to develop and promote 

solar energy may achieve that goal . But emphasis on solar 
fenergy R&D draws technical expertise away from other research 
efforts, such as food production and medical studies. It also 
uses up funds that might have gone to programs such as public 
transportation, crime control, urban redevelopment, or aid to 
the elderly. Even if a safe, inexpensive solar technology could 
be dievel oped , i t is not entirely clear that the general pop- 
ulation could consider a large solar energy program to be the 
best use of public funds. 

Thus an evaluation of solar energy cannot take place in a - 
vacuum. The economic efficiency of a solar technology depends 
upon the alternatives that are available and the possibilities 
for trade-offs among these alternatives. Because al ternati ves 
and trade-off opportunities are constantly' changing, so are 
the economi c ef f i ci enci es of solar energy systems . ^ 

Cost Concepts 

Besides motivating the economically efficient use of resources, 
scarcity imposes costs on decisions. This is because scarcity 
—of time, income, or natural resources--f brces choices among 
alternatives. Natural gas used to produce electricity could 
also have been used far space heating or industrial purposes. 
These alternatives impose a cost on the use of natural gas 
for electricity production. No producer or distributor would 
sell natural gas to an electric utility for less than could be 
earned by selling gas for^its alternative Uses. Thus, the 
minimum cost of a resource is the price it would command in, its 
best alternative use--its opportunity cost . 
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The economic concept of cost is based upon opportunity cost, 
not the usual accounting definition of production cost. In 
fact, opportunity costs may differ significantly from production 
costs. Although Middle Eastern oil costs less than a dollar per 
barrel to produce, its opportunity cost is the going international 
market price. If some oil company or country is not wi>ling to * 
pay that price, many others are. Thus, the minimum price at which 
a sheik will sell oil to Exxon is the maximum price Texaco is 
willing to pay. 

One consequence of val ui ng resources at their opportunity cost 
is- that all resources are being used efficiently in an economic 
sense. ^ If resources are employed in theVost valuable alternative 
use, mi sal 1 ocati on of resources is minimized. For example, sup- 
pose that electric utilities are willing to pay $1.50 per 1000 
cubic feet, homeowners $2.50, and industrial users $2.00 for 
natural gas. The opportunity cost of natural gas i's $2.50 per 
1000 cubic feet for electricity generat i on and industrial usage, 
and $2.00 per 1000 cubic feet for residential space heating. 
In this case, the natural gas would be sold to homeowners for 
$2.50 per 1000 cubic feet. Homeowners are willing to pay the 
highest price because natural gas is most valuable to them. 
Thus, natural gas mi sal location is minimized. 

A second consequence is that a cost is incurred only when s^omeone 
is denied the use of a resource. Since the quantity of solar 
radiation one individual uses need not diminis'h the quantity 
available to others, it has an opportunity cost of zero. (An 
exception would be when one person's solar collector shaded that 
of another . ) 

Although solar radiation has a zero opportunity cost, there are 
positive opportunity costs associated with the energy technol- 
ogies that utilize solar radiation. Many solar advocates argue " 
that large-scale product ion wi 1 1 reduce the per unit. cost of 
solar modules. They correctly imply that the initial investment 
is spread over a larger number of units. However, they ignore 
the costs of some very important inputs whose opportunity cos'^ts 
are i ncreas i ng . 

One of the mpst important inputs is surface area. Photovol ta i cs 
and solar thermal energy require roof spape or open land. The 
first units of solar energy will be inexpensive. Some rooftops 
or land areas receive large quantities of insolation, but have 
few alternative uses. However, further i ncrements to solar energy 
capacity will be more costly. Additional systems may receive 
less insolation, so more qol 1 ector area must be used to obtain 
the same power output as the first, uni ts did . If more land Is 
devoted to sol ar energy production , less acreage is available 
for housing, recreat i on , or other nonsolar uses. While the costs 
of producing one more solar module may be falling, the opportunity 
costs they place upon land are rising. 
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Land need not be the only input with rising opportunity costs. 
If the solar energy industry grows rapidly enough, the primary 
material i nputs--al umi num , plate glass, s i 1 i con--wi 1 1 also have 
increasing opportunity costs. This is not because the input 
industry is trying to make windfall profits at the expense of 
energy-conserving solar users. If these inputs can be used 
elsewhere (e.g., construction, glass containers, solid-state 
technologies), the rapid growth of solar-energy-related uses 
means that inputs are being taken away from valuable alternatives.^ 

A second economic cost concept relavant to energy evaluation is 
marginal cost . This is simply the extra costs that will be in- 
curred by a decision. For example, suppose an electric utility 
is evaluating how to expand its base load generating capacity. 
If it intends to build a coal-fired steam facility, the marginal 
costs relavant to this decision include the costs of the facil- 
ity, fuel, and operation and maintenance expenses. On the other 
hand, if the utility is considering shifting a coal -fired steam 
facility currently used for intermediate load capacity to base 
load capacity, the relevant marginal co^ts are only the additional 
fuel and o"peration and maintenance expenses incurred by .the ex-tra 
electrici^ty production. The main point is to ignore positive 
and negative events that would occur anyway (the sunk costs) 
regardless of what decision is made. Choices should be based 
on the additional resources used, pollution produced, and risj< 
involved and how these costs compare with additional expected 
benefits. 

These two cost concepts form the basis of economic definitions 
of cost. The economic costs of a decision are the marginal costs 
of undertaking that choice, where all resources used are valued 
at their opportunity cost. Many subtl e ' assumpti on.s are included 
in this definition. "Resources used" i ncl udes envi ronmental , 
health, and safety effects, as well as materials and labor. 
Furthermore, "opportunity cost" implicitly assumes that alter- 
natives are being compared under general market conditions. 
Since market conditions change over time and space, this economic 
measure of cost fluctuates as rapidly as opportunities. However, 
it is a better "measure of cost than production or acquisition 
prices, since it reflects existing market conditions and op- 
portunities. 



Cost-Effectiveness of Solar Energy Systems 

The main steps that would be taken to evaluate the' cost-effec- 
tiveness of a solar energy system are the following: 

1. Identify the alternatives in solar and. conventi onal energy, 
equipment (and in conservation measures) which are to be 
considered, as well as any constraints that must be met. 

2. Select a method of economic evaluation, taking into account 
the nature of the choice and any special investment consid- 
erati ons . 

34' 
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3. Decide on the'basic assumptions and seXect values for key 
economic parameters such as the economic! i fetime , loan 
interest rates, discount rate, and present and future energy 
pri ces . 

4. Specify values for all relevant, significant cash flows as- 
• sociated with each alternative over the designated time 

horizon. 

0 

5. Use discounting techniques appropriate to the selected 
evaluation method to adjust differently timed cash, fl ows to 
a comparable basis. 

*■ 

6. Carry out the evaluation method for each alternative to 
obtain comparative measures of economic performance for each 
alternative. 

7. Select that alternative with the highest economic performance 
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SUPPLY AND DEMAND ANALYSIS 



Supply and demand analy si s is a very powerful method of determ- 
ining the market value of a commodity. It explicitly recognizes 
the forces at work in the marketpl ace-- the state of technology, 
income distribution patterns, tastes and preferences , availa- 
bility and prices of alternatives. No planning agency is required 
to determine what is needed, what is producible, and who gets 
what is produced. Demand and supply interact in many subtle and 
complex ways to determine the price of a good. This price serves 
as a signal to all members of the economy. If the price is high, 
consumers are induced to conserve and seek out substitutes, 
while firms that could produce the high-priced good are induced 
to begin or expand production. 

The interaction of supply and demand forms the basis for market 
value, which can be used to compare and choose energy systems. 
Choices based on such evaluations will be economically efficient. 
Furthermore, market value also allows choices to be made among 
energy and nonenergy resources . 

Supply Relationships 

Every market for energy has two aspects, production and consump- 
tion. The market forces affecting production manifest themselves 
through supply relationships. Demand represents the wants and 
needs of consumers. The interaction of these two aspects de- 
termines the market value of an energy system. 

Economic cost concepts may be used to construct a supply curve, 
which measures how many units of a commodi ty producers are willing 
to provide at any given price. The cost of supplying any given 
quantity of a commodity is the marginal oppor-^tuni ty cost of pro- 
ducing the last unit. The first few units are relatively inex- 
pensive to produce, because the inputs they use have low mar- 
ginal opportunity costs. However, these costs rise as resources 
must be taken from i ncreasi ngly val uabl e alternatives. Because 
of this, supply curves slope upward to the right, as shown below. 
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Solar energy is no exception to this price-quantity relationship, 
although many solar advocates have argued otherwise. They con- 
tend that the first units have high costs, because producing 
even one unit requires inputs such as factory space and tools. 
Thereafter, the added inputs are comparatively small and may be 
bought cheaply in large quantities. This implies that firms^ 
should be willing to mass produce solar modules at a lower price, 
so the supply curve slopes downward to the right. But this line 
of reasoning focuses only on purchase prices and ignores the op- 
portunity costs of inputs such as land and materials. 

Although supply curves repres ent pri ce-quant i ty relationships, 
they also reflect existing market conditions and technologies. 
If these background market conditions change, so do supply curves. 
The figure shows two examples of possible changes. The solid 
curve, labled S, indicates the initial pri ce-quanti ty -^trade^-of f s 
for suppliers. The dashed curve, S\ assumes that something has 
caused the opportunity costs of input's to be higher at all levels 
of production. An increase in population may make land and ma-; 
terials more valuable, high levels of employment may make labor 
more expensive, or demand for material inputs from competing 
industries may have increased the opportunity cost of using these 
materials for solar energy systems. The initial supply curve, 
S, shifts to S',, since the cost of supplyi ng. any level of output 
is now higher. Supply is said to have decreased. 

The dashed curve, labeled S", shows how changes in technology 
might affect supply. If a new research, breakthrough al lows the 
same output to be produced with fewer resources or less expen- 
sive inputs, then the supply curve shifts from S down to S". 
Each unit has a Tower opportunity cost, and more units can be 
made at the same price. Supply has increased. 



Demand Relationships % 

The forces that motivate producers to supply a good are impor- 
tant, but they are not the only factors at work in the market- 
places Production and pricing decisions also respond tQ the / 
wants and *needs of cons.umers. These wants and needs are the 
driving forces behind demand. 

Like supply, demand is a price-quantity trade-off. When a com- 
modity is relatively cheap>, it is used in a wide variety of ways. 
As it becomes more expensive, people cut back on their less-'crit- 
ical uses and substitute other' products for it. If a commodity 
is expensive, only a small amount is purchased. On the other. hand, 
lower prices induce users to buy more of the product. These 
purchasing deci s i ons cause demand Curves to slope downward to 
the right, as shown in figure 2-4. 

Demand curves reflect consumer's purchasing decisions. Th^y also 
represent existing preference patterns, incomes, and price con- 
'ditibns. As with supi>ly curves, a change in any of these back- 
ground circumstances also changes the demand curve. The shift 
of the demand curve from D to D* in the figure represents a 
situation -in which demand has increased. 

' . . .M-::37.'...': ^ 
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Figure 2-4 




Demand Curves 

This may be due to higher income levels, a growing, more affluent 
population, increasing prices of alternatives, or a change in 
tastes. At every price, more of the commodity is demanded. 
Alternatively, the shift of the demand curve from D to D'* in the 
figure repres^ents a situation in which demand has decreased. At 
every pr i ce , 'smal 1 er, quantities of the commodity are purchased. 



Pri ce E V^sti ci ty 

Changes in any factor other than the price of the good--i ncomes , 
technology, the prices of alternatives and i nputs--ca.uses demand 
and supply curves to shift. If these background factors do not 
change, supply and demand curves provide a simpl e representa- 
tion of the pried" and quantity decisions reached by buyers and 
suppliers. 



An important piece of information contain.ed within these curves 
is how responsive purchasing and supply decisions are to the 
price of the resource. For some commodities, a small change in 
prica causes, significant changes in buyer or producer behavior. 
In other cases, even large price changes do not effect production 
or consumption behavior very much^ The size of a response to 
price changes depends on many factors: the availability and number 
of substitutes, the proportion of buyer income represented by 
the good, how time consuming a response is. These factors are 
incorporated into a measure of price responsiveness known as 
e1 asti ci ty . 

Numerically, elasticity is the percentage change in output (or 
purchases) divided by the percentage change in price causing the 
respohse. For example, a 10% price i ncrease mi ght cause; suppl i ers 
to increase producti on * by 5% ajid consumers to reduce purchases by 
15%. In thi s ease , supply elasticity would be 5% / 10% = 0.5i 
and demand elasticity would be -15% /10% = -1.5., Conceptually, 
elasticity indicates how readily market decisions can adjust to • 
price changes. If output or consumptio.n changes just equaled ; 
price changes, elasticity measures woul d have a value of 1.0 for 
supply and -^1.0 for dema'nd. This indicates that price changes 
have no impact on supplier revenues or buyer expendi tures for 
the g.ood. If the adjVustment process is slow, or if few alter- 
natives exist, responses to price changes are, small, elasticity 
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estimates are less than 1 in absolute value, and response is said 
to be inelastic. When response is elastic, price changes create 
even larger percentage responses in buyers and suppliers, and 
elasticity values are greater than one in absolute value. Re- 
turning to the first example, the supply respjonse is inelastiCj 
while demand response is elastic. Consumer response to price 
changes is greater than the response by suppliers. 



Elasticity sometimes refers to an entire demand or supply curves 
For example, the figure below illustrates four possible demand 
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Figure 2-5 Variations in demand el as ti ci ty 

Figure (a) represents a com.pfletely inelastic demand ; regardl ess 
of the price of the commodity, a given quantity will be purchased. 
The demand curve of figure (b) is elastic relative to (a), but - 
inelastic when compared with the other diagrams. Changes in 
price cause consumers to alter the quantity or the commodity 
they purchase, but not by' much. On the other hand, the demand 
curve of ffgure (c) is relatively elastic; small changes in price 
induce consumers to dramati cal ly al ter the quantity of the com-- 
modity they purchase- Finally, the demand curve of figure (d) 
is perfectly elastic; consumers can purchase whatever quantity 
they want at a given price. 

It should be noted that perfectly i nel as tic and perfectly elastic 
demand curves are pedagogical tools rather than examples of ac- 
tual conditions. However, some have attempted to argue that, 
food and energy resources have totally inelastic demand curves, ^ 
They reason that, because people need a certain amount of food 
and. energy, they are at the mercy of suppliers and must pay what- 
ever price suppliers ask. However , ^ nobody goes to the store and 
buys a pound of fbod. iRather, they buy a pound 'of hamburger, a 
quart.of milk, a dozen eggs, and so on. Suppliers of any one 
food type cannot raise prices indefinitely, since buyers would^ 
cut back their use of the expensive food arid switch to alterna- 
tives.. This ability to use alternatives i s ref 1 ected- i n the 
elasticity of a demand curve. Commodities with many close sub- 
stitutes will. have relatively elastic demands. 
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JSupply and Demand 



Each supply or demand curve contains an infinite number of pos- 
sible pri ce-quanti tj^ relationships. If analyzed ia isolation, 
no demand or supply curve allows a-ny concl us i ons to be drawn 
about the "suitable" price and production or consumption levels 
The strength of these diagrams lie in their interaction, for it 
is the i n ter^cti on .-of supply and demand forces that determines 
the value of each commodity in the marketplace. 
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As simple as demand and sippply curves appear 
powerful tools of analysis. The . i nteracti on of these^curves , 
as shown in figure (a) below, determines the price, Pq, which, 
users would willingly pay and suppliers would willingly accept, 
for Qo units of output. { 
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(b) Price ceilings 



This price is the market value of Qq, since it represents the 
interaction of producti on and consumption decisions.. The price 
and quantity determi ned' by this point of intersection is an equi- 
librium. It represents a price that both user and producer find 
satisfactory and a quantity of output at whicti firms are willing ,, 
to supply exactly what consumers are willing to purchase. 

As long as supply and demand conditions.^ do not change, there are 
strong pressures to remain at an equilibrium. If regulatory con- 
straints on prices or quantities attempt to set a different level 
they do. not invalidate these pressures. Quotas and price con- 
straints merely transfer these marked pressures to other areas. , 

Figure (b). above illustrates how these pressures appear elsewhere 

when special price 1 eg i s 1 a t i on ex^* s ts . Suppose a price ceiling 
'were set at P^,; this is usually done when prices are felt to be 

too high. An example of s.uch ceilings are the regulations on . 

the prices of oil and natural gas produced in the United States. 

At price P^* suppliers are only wi 1 1 ing to ^provide -Q^ units of 
^he good. The price they recei ve^j.us t compensates them for their 

time and effort and covers the opportunity costs of^ providing 

the last unit they produced. However, consumers would 'like to 



buy Qd units at price Pc 



More units are demanded at the ceiling 



price than are supplied, and there is a shortage of (Qj - Qg) 
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units. If there were no price controls, consumers would tend 
to bid up the price of the good to ensure that they get some. 
Higher prices would i nduce suppl i ers to produce more and moti^ 
vate users to reduce their pur^chases and switch to substitutes.. 
This process would continue until price reached the equilibrium 
level Pg, at which suppl i ers have i nCreased production by an 
"amount iQo - Qs)- There^ is no longer a shortage, since buyers 
-^would^like to obtain Qq units, which is exactly the quantity 
''produced. J 

•'But if price controls keep the price at Re the shortage .wi 1 1 
peirsist. Suppliers will have no incentive to;provide more^goods 
at prices lower than those avai 1 able elsewhere. On fhe other 
hand, buyers have no reason, to conserve or* use alternatives when 
^the commodity is so i nexpens i ve . The shorta^ge ca^used by pfice 
Nrteilings manifests itself in several fortirs-. Prices rise in 
^//fionobvious ways. For example, people must wait in line for 
/ gasol i ne or no new natural gas hookups take place and existing, 
s'erVice may be allowed to deteri orate ; These' longer waits and 
poorer-quality service increase the co'st of delivered energy. 
Existing supplies are rationed out to people who have 'good con- 
nections or want some badly enough to wait* in line or pay a 
premijum. ' « 

Thrs analysi s ' has -important implications for s^olar energy. If 
widesprj^ad usage pf solar power is considered to be desirable, 
legislation to keep module prices low.{to promote c purchases) 
• or high (to' promote production) will not ensure widespread^ \ 
usage. Price legislation is morq 1 iUely -^to create a surplus or 
shortage than the diffusion of a'^solar technology. . , 

Hi gher Ppr i ces are not bad i n ancf of- themsel ves . The price 
mechanism rations scarce, re^^ourxks.^ promotes cons'fervajtion , 
and motivates a search fpr sub's titutes . However,^ when the 
mechansim Is^ cons trained by pi^ice ceiln'ngs or quotas, a 
large number of side effects appear.* Legislation can regulate 
what is*-put on a price tag, but it cannot i nval i date market 
forces. 

Market Value ^ , ' . 

As long as the market continues to operate ^ wi thou t i nterfer-' 
ence, s^upply and demand interactions will determi ne ^mar ket 
equilibrium. However, market equ tl„i bri urn can be altered by 
.changes in production and consumption decisions* There are 
four basic ways in which eq]u i 1 i briura c^in be altered. They 
all require ch/anges in t he "underolyi ng market condi ti ons , and 
hence they involve shifts in the supply and demand curves. 



Figure 1, on next page, illustrates the four kinds of changes^ 
that may take place. , ^ 
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Figure 1: Changing equilibria 



In case 1(a), supply has i ncrea§ed-- thi s may happen for a number 
of reasons: a technological innovation might occur so that fewer 
inputs are needed to produce each Tevel of output, or inputs 
might be cheaper or more plentiful, Whatever/the reason, pro- 
ducers can now supply the same amount of the commodity at a - 
lower price or more at the same pri^qe. After the supply curve 
shifts, the new equ i 1 i bri um price moves from Pq to P] . As the ^ 
price falls, users begin to purchase more and consumption in- 
creases from Qq to (>] . This shift is probably the most desirable 
change that can take place for solar energy technologies. More 
of the commodity is used, and users can ^obtain it at a lower unit 
price. ' . ' " , . 

However, case 1(b) seems to be ipore common. As inputs become 
more costly or as new rules and regulationis add to the production 
procedure, opportunity costs increase and supply decreases. F€wer 
units of the commodity are us.ed/ and each unjt costs more to pro- 
duce and to buy. Demand can also shift--case 1(c) i-llustrates what 
happens when demand increases. This happens when tastes change, 
when buyers become wealthier, or when the prices of substitutes 
rise. More of the^commodi ty is "used, but increased demand has , 
also caused the price to increase. Prices are higher, but 
tastes have changed or incbmes have. risen enough so that con- 
sumers are willing, to pay those higher prices. 



Finally, case 1(d) shows wh/t might happen if safety problems or 
health hazards suffered! or^if newer , cheaper al ternati ves appeared 
on the market. As buyers switch to alternatives, demand decreases. 
At the new equi 1 i bri um , " consumers pay less for each unit of output 
than they did previ ously ,^ but because of the hazards involved or 
^e availability of substitutes, consumers are not willing to 
purchase as much as before. 



Changes in market conditions also depend upon the el as ti ci ty -of 
demand and supply; figure 2 on next page shows why. . 
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(a) 



Figure 2: Effects of elasticity 



If the demand curve is relatively elastic, a shift in supply 
will result in comparatively large usage increases and relatively 
small price decreases. Demand in case 2{h) is mpre elastic than 
in case 2(b). Thus, an equal increase in^ supply irb each instance 
will create a laraer quanti ty increase in 2(a) than in 2(b). Sim- 
ilarly, cases 2p^ and 2(d) . show how supply eUsticity affects 
results. For am equa^l increase in demand, an 'elastic supply 
curve provides a larger quantity response than would be otained 
with a relatively inelastic supply. 



If additional usage of 
increase in supply can 
per-unit price paid. 
An increase in demand 
but a higher price is 
result from decreases 
also decrease. 



solar energy is cons i dered .desi rabl e , an 
simultaneously i ncrease output and lower 
Shif.ts i n demand cannot accompl i s h both . 
will cause the amount purchased to rise, 
paid for each unit. Price decreases will 
in demand, but the number of units sold will 



An example of these conflicting forces, appears in the different 
ways the federal government has attempted to accelerate photo- 
voltaic .usage . There are two ways in which the government could 
accomplish its goal of increased usage. First, it coQld put 
public funds into R&D programs in an* attempt to lower costs 
through new technical breakthroughs and design i nnovati ons , thus 
increasing supply. As the price fal 1 s , consumers i^ncrease their 
purchases ,. as was shown in figure 1(a). 



Al ternati vely , the 
mass production by 
federal purchasing 
Utilization Program 
the additional side 
i ncreasee.d demand . 
photovol tai c output 
modul es . Fi gure 3C 
price, P"! , is still 
3(b) i 1 1 ustrates a 



governnrent could effect clht reductions through 
directly purchasing photovpltaic units.' A 
program, such as FPUP (Fedjbral Photovol taics 
), also attempts to shift /supply . But if has 
effect that government purchases directly 
This increased demand will further stimulate; 
but it will also bid up the price of solinr 
a) i 1 1 ustrates the case in^ which the final 

below the initial one% Pq- H-owever, figure 
situation, in which the final price is higher 
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than the original price. If the increase in demand produces only 
small changes in the supply technology, overall price will rise. 

Many factors must be considered when choosing between R & D pro- 
grams. and federal purchases. The benefits from R & D are more 
uncertain, si nee ttchnological breakthroughs and cos"t reductions 
cannot be counted upon. If n^o innovations are develop^ed, supply 
may not change at all. Federal purchases guarantee that more 
units are used than would have been otherwise, but they also 
create upward price pressures. 




CQNVERTI NG'COSTS AND SAVINGS TO EQUIVALENt BASE 

All solar systems require a large initial investment to realize 
a modest annual rate of return in terms of fuel savings. To be 
economical, the solar system must perform for many years, re- 
turning' i ts^i ni tial cost plus interest over a long lifetijne. It 
is of no consequence whether the money invested is borrowed or 
not. No matter who is the owner, capital should return proper 
interest, for there are always other prof i tab! e i nvestments. to 
be made. 

If an aggressive 12% interest is required and no allowance taken 
for advancing fuel prices, probably no exi sti ng system is eco- 
nomical . On the other hand, if a 6% interest i s sat i sf actory and 
a 10% annual increase in fuel costs is assumed, almost any system 
will be v.ery profitable. 

A necessary step in any comprehensive economic evaluation method 
is the adjustment of the various cost items to an equivalent time 
basis. This adjustment is necessary because an investment in 
solar energy results in expenditures and savings that occur both 
in the present and in the future, and there is a di fference be- 
tween the value of a dollar today and 'its value at some future 
time. This time dependency of value reflects not only inflation, 
which may reduce the purchasing power of a currency, but also 
reflects the real earning potential of money. The methods of 
economic evaluation to be discussed later, include appropriate 
adjustments for the timing of cash flows in the formulation of 
the method. However, some discussion in more detail of the whys 
and hows of converting costs and savings to a common tim^ and 
common dollar measure, are prerequisite. 



Discounting Cash Flows \^ 

The starting point for all economic analyses is the time value 
of money. A procedure for ad j us ti ng ,f or the time value of, money 
i s a technique often cal 1 ed "di scounting" . Di scount i ng refers 
to the use of interest formulas to convert cash flows occurring 
at different times to equivalent amounts at a common point in 
time. . . . 

If a sum of money is inhandand has a present value of P, it 
will be worth at a future time a value F given by: 

F = £(1 + ni) (1) 

where i is the f racti onal i nterest rate, 

n is the number'of years into the future at which F is 
to be evaluated. 

If the interest is compounded annually (and this is routinely 
the basis for economic evaluations), then repeated appl i cat i on 
of equation (1) at one-year intervals results in the annual com- 
pound interest relationship: 

> F = P(l •+ i)" (2) 
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The lequivalence expressed in equation (2) between the value of 
money now and in the future i s f undamBntal . Modern investment 
analysis refer all future returns of money to the present time 
by -use of a rearrangements of equation (2): 

P = F . . (3) 
(1 + i)" 

where i has been renamed the discount rate. Thus, future money 
is not as valuable as money at the present, and must be "dis- 
counted" by the factor 1/(1 + f)p. 



Discount Formulas 



To discount cash flows to equivalent values at a common time, an 
appropriate interest formula (or "discount formula") is applied 
to each cash amount. Al ternatn vely , to simplify the calculation, 
interest factors (or "discount factors") precal cul ated from the 
discount formulas can be multiplied by the cash amounts. The 
discount formulas most frequently used in investment analysis 
are the f ol 1 owi ng : 

1. The uniform capital recovery formula, CRF, which when applied 
to a present© amount converts it to an equivalent se^ries of 
level annual payments; 

■ * 

2. The single compound amount f ormul a , SCA , which when applied 
to a present amount converts it to an equivalent value at a 
future time; 

3. The single-present-value formula, SPV, which when applied to 
a future amount converts it to an equivalent present value; 

4. The uniform compound amount formula, UCA, which when applied 
to a recurring aniTual amount converts it to an equivalent 
lump-sum amount at a future time; 

5. The uniform sinking fund formula, USF, which when applied to 
a given future total value i ndi cates. the annual amount re- 
quired to achieve the future total value; 

6. The uniform-present-value formula, UPV, used to find the 
equivalent present value of a series of level annual amounts . 

Table 1 gives the nomenclature and algebraic expression for each 
of these discount formulas. Tables 2 throuth 7, located "in the 
appendix, §ive the counterpart di scount factor for' s el ected time- 
periods and discount rates. 
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Table 1: Summary of Interest Factors for Cash Flows with End 
of Period Compounding* 



Discount Interest Quantity Quantity to Discrete Compounding Continuous 
Formula Factor <Koown be Found . of a Discrete Compounding 

Flow Expression of a Discrete 

Flow Expression 



SCA 


(F/P,i,N) 


P 


F 


SPV 


(P/F,i ,N) 


F 


P 


UCA 


(F/A,i ,N) 


A 


F 


USF 


jA/F.i ,N) 


F 


A 


UPV 


{P/A,i,N) 


A 


P 


GF 


(A/G,i ,N) 


G 


A 



CRF (A/P,i,N) P A " i - e'c - 1 

l-(l + i )-" l-e-'"N 

(l + i)N e"^" . 

(l + i)-N e.-i^N 

(l-H-)N-l 6^*^-1 

i e'"-l 

i e^-} 

1-(Ui)-N , 1 = e-yN 

i iTTT 



Q/i-N/i(A/F,i,NTj 



* CRF = Capital Recovery Factor, 

SPV = Single present value, 

USF = Uniform Sinking Fund 

GF = Gradient Factor, 

F a future amount , 

G is the uniform increase 

in an amount 

r i-s the nom^'nal rate 



SCA = Single Compound Amount, 

UCA = Uniform Compount Amount, 

UPV = Uniform Present Value, 

P is a di screte present amount, 

A a uniform end of period payment 

i is the effectaive interest rate, 

fl is the number of payment periods 



**Substitute i = e -1 into the previous column expression for the 
uniform gradient factor. 



D i scount Rates 

To apply the discount formulas or factors, it is necessary to 
select a discount rate. The' discount rate should refl ect the 
investing person's or firm's time preference for money (or, 
more accurately, the resources money can buy). Apart from in- 
flation, time preference reflects the fact that: 

1. Money in hand can be invested to earn a return; 

2. Money borrowed requires interest to be paid. 

Of these two f actors the former , often called "the opportunity 
cost", is generally predominant in establishing a discount rate. 
If there is a limit on the total funds availabl e for investment 
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from all sources including borrowing, the most important element 
in determining the discount rate is the rate of return which 
would be forgone on the next-best investment if a gi ven i nvest- 
ment is undertaken. This rate can be higher than the borrowing 
rate, and needs tobe accounted for in an investment analysis 
even if funds are not borrowed. The discount rate, then, stip- 
ulates a minimum rate of return which must be recovered on an 
investment over and above other oinvestment costs. 

A discount rate may be either "nominal" or "real". A nominal 
discount rate reflects both the effects of inflation and the 
real earning power of money invested over time. A nominal rate 
is appropriate to use only in combination with cash flows which 
also include inflation! Market rates of interest, such as the 
mortgage rate on building loans, are nomi nal .rates . 

A real discount rate reflects only the real earning power of 
money and not inflation. It is appropriate for evaluating in- 
vestments if inflation is removed from the cash flows prior to 
discounting, i.e., if they are already stated in constant 
dollars. * 

The relationship between a nominal rate of interest and. a real 
rate of interest may be described as follows: n ^ - 

1 = d + I = dl, 

where: i is a nominal rate of interest 
d is a real rate of interest 
I is the expected rate of inflation 

Note that the nominal rate is not equal simply to the real rate 
plus the rate of inflation. The rate of inflation is reflected 
in the nominal rate in two terms. ^ . 

I, the rate of inflation . 
dl, the product of the real rate and the rate of inflation 

There is no.single discount rate--whether calculations are in 
real or nominal terms--that is appropriate for discounting all 
cash flows. A wide range of rates is used in practice, and there 
is a subjective element in the choice of rates. The im- 

portant thing is that the discount rate reflect the investor's ti 
preference. 

THe choice of rates can. significantly affect this outcome of./afi 
evaluation. The higher the rate, the lower the value of future 
cash flows. The lower the rate, the smaller the effect of dis- 
counting on future cash flows. 
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Jitn ing of Cash Flows • 

In the case of most investments, expenditures and receipts or 
savings occur throughout the year. Some occur annually, others 
semiannually, quarterly, monthly., weekly, daily, ar even nearly 
continuously as in the case of cash receipts from sales. Sel- 
dom, however, are cash flows modeled exactly as they occur within 
a year. To simplify the analysis, they are commonly assumed to 
occur in lump sums either at the beginning, middle, or end of 
each year, or continuously throughout the year. 

The discount factors contained in Tables 2 through 7 in the ap- 
pendix can be used to discount cash f 1 ows on. ei ther a beginninq-' 
of-period or an end-of -peri od basis simply by designating the 
initital period index as 0 (beginning) or 1 (end). By averaging 
the discount factors for two consecutive periods, discount rates 
reflective of middle-of-the-period payments can be developed. 
For example, the single-present-value factor for midway between 
the first and second years is 0.9545 for a discount rate of 10 
percent. This is derived by averaging 1.000 the discount factor 

^ n occurring at the beginning of the first year, 

and 0.9091, the discount factor for the cash flow occurring at 
the end of the first year.-' 

If a continuous flow model is desired, conversion factors dis- 
cussed above under "discount formulas" can be used. 

Treatme nt of Inflation 

Removal of Inflation from cash flows Is' essential for a valid 
economic evaluation of an investment. Otherwise, the evaluation 
JLHIwJ^ ? var.iable-value dollwrs, and makes no economic sense. 
Removing inflation means measuring cash amounts In terms of the 
value of the dollar In a base year, usually the time at which 
the investment decision Is made. There are several alternative 
ways of removing Inflation from cash flows; Briefly, they are: 

1. fjclude inflation from the analysis at the outset by asswwilna 
that all cash f.lows are fully and evenly responsive to In- 
flation and, therefore, remal n constant In terms of btse- 
year dollars ; ^ 

2. Include expected price changes in cash-flow estimates arnd 
then remove inflation prior to discounting by tht use of i 
constant dollar price deflator based on past Inflation mes 
or predl cted ones j 

3. Include expected price changes in cash-flow estimates (l.e.^ 
use current dollars) and discount the cash flows with ii 4^%^ 
fSwUi/**! Includes the expected rate of Inflation, In • 
addition to the Investor's real potential tirnlni rates. 
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The choice of approaches depends in part on the expected pattern 
oiF price change. The simplest approach is the first, that is, 
to omit inflation from analysis by assuming that inflationary 
effects cancel out, leaving the ou tcome unchanged . For example, 
other things being equal, if the cost of labor to perform a 
given maintenance service for a solar energy system is expected 
to change at about the same rate as prices in general, the cost 
of that service in the future in. constant dollars can be assumed, 
to be the same as it is today. If there is not a compelling 
reason to assume that the prices of particular goods and services 
will inflate differently from prices in general, this convention 
of assuming base-year prices to hold for future constant dollar 
prices is a widely accepted practice of analysis. 

In the absence of income tax effects, inflation generally will, 
not affect the outcome of an investment whose cash flows are 
fully and evenly responsive to inflation. However, when tax ' 
effects are considered, inflation may significantly affect the 
investor's profitability. For example, under existing tax 
practices, the tax benefit from depreciation is recei'Ved in future 
dol lars , but is measured in the dol lars of the initial fnvestment . 
This resuTT? Tn a decl i ne^'nTFe value oT~tFF"tax benefit, other 
thi ngs being equal . 

Future prices of goods and services relavant to the investment 
may not, however, respond fully and evenly to inflation in such 
a way that they remain level in constant dollars. Alternatively, 
the future value of an item may rise at a rate faster than gen- 
eral price inflation. For extfmple, mortgage loans are fixed 
over time and fall in value when measured in constant dollars. 
Alternatively, the future value of an item may rise at a rate 
faster than general price inflation. For example, forces of 
demand and supply are widely expected to increase the price of 
non-renewable energy sources faster than most other prices. 

If future prices are fixed at current levels or for some other 
reason are not expected to respond fully to price inflation, . 
it is important that these -future values be converted to con- 
stant dollars. This can be done by following the second approach 
above and applying a price deflator to each future annual payment 
prior to, di scounti ng , or by following the third approach and dis- 
counting the future annual payments with a discount rate that 
i ncl udes i nf 1 ati on . 

' If future prices are expected to rise faster than general price 
inflation, the adjustment to constant dollars is usually made in 
..^ong of two ways : 

1. A variation of the first approach described above; 

2. The third approach described above. 

In the first approach, inflation per se is excl uded . f rom the 
estimates of future cash flows. However, the di ff erenti al price 
increase, that is, the expected price change over and above the 
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general rate of inflation, is included in the future cash flows. 
In accordance with this procedure", a real discount rate (exclu- 
sive of inflation) is "used to further adjust for time preference. 



Escalation of Nonrenewable Energy Prices 

The fact that energy prices are widely expected to increase 
(escalate) faster than the rate of increase in the general price 
level is a major force behind the growing interest in solar energy. • 
To reflect this expectation, energy prices are usually escalated 
in evaluating the economic performance of solar energy. As in 
the case of other cash flows, however, it is important to eliminate 
the effects of changes in the purchasing power of the dollar 
and to express future energy costs in constant dol lares. 

The economic performance of the solar energy system tends to be 
quHe sensitive to the choice of a-fuel pri.ce escalation rate". 
Selecting a high rate raises saving.s relative to costs and can 
easily change the evaluation of a system from economically un- 
pro,fitable to economical ly profitable. For example. Table 28.8 
shows the effect of several different price escalation rates on 
the presen.t--value of a yearly savings of 1 00« mi 1 1 i on Btu of elec- 
tricity priced initially at $0.035/p.er kWh, and. discounted at a . 
rate of 1 0 percent . , 



TABLE 28.8 Impact of Alternative Eenrgy Price Escalation Rates 
on Present-Value Energy Savings in a Hypothetical Case 



Energy price escalation 
rate percent 


Present 
s a V i n,g s 


value of 10 x 10' Btu energy 
over 25 years,* dollars 

— rff — : — — — 


0 


• 


9,308 


5 




U,858 


10 " 




25,635 


15 




48,060 



♦Discounted at a rate of 10% and priced initially at $0.035/kWh. 
NOTE: This example examines only savings, not costs, of a purely 
hypothetical solar energy system. 



Over a 25 year period, the present-value savings of 100 million 
Btu of electricity ranges from a low of $9308 with no price es- 
calation and a di scount .rate of 10 percent to a high of $48,060 
with a price escalation rate of 15 percent and a discount rate 
of 10 percent,. When the fuel price escalation rate is exactly 
equal to the discount rate, they offset one another, and the net 
present value is equal simply to the yearly savings multiplied 
by the number of years, or $25,635. 

Without escalation of future cash flows, discounting tends to 
reduce them eventually to the point at which they are so small 
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L in present-value terms as to be of little consequence to the_ 

outcome of the evaluation. For example, with a 10 percent dis- 

• count rate, a dollar to be received in five years is worth 
$0.62 today, in 10 years, $0.38, and in 15 years, only $0.24. 
However, including a relatively high price escalation rate' can 
cause cash flows expected in the. distant future to weigh sig- 
nificantly in the outcome. 

Because of the considerable uncertainty about energy prices in 
the distant future, caution is advisable in specifying a long- 
term rate of price escalation. One approach that may be taken 
to reduce the impact of ever-compounding fuel prices in distant 
■years is to limit the period over which the investment is to be 
evaluated. Another approach is to use a short-term escalation 
rate for the period in which rising prices seem assured, and a 
somewhat lower long-term rate for the period for which there is 
greater uncertainty. 

• Economic Life of Principal Assets and Period of Analysis 

A life-cycle analysis requires the designation of economic life 
expectancies for an investment's principal assets. The economi c 
1 i f e of an asset is that period during which the asset is ex- 
pected to be retained in use for its intended purpose at the 
minimum cost for achieving that purpose. The useful 1 i f e 1 s 
that during which the asset is expected to serve a useful -purpose. 

The economic or useful life expectancy of solar energy systems 
is difficult to estimate with a high level of confidence. The 
relatively short period in use of most solar energy systems 
limits the possibilities for basing life expectancies on actual 
data samples, although some insight tnay be gained by examing 
• historical durability data for individual pomponents of solar 
energy systems that have been used in other, related capacities. 
For the most part, analysts must rely upon durability informa- 
tion from manufacturers, trade and professional journals, and 
research reports. 

" The comprehensive methods of . eval uati on require the analyst to 
specify the length of time over which an investment/is to be 
evaluated. In establishing the time-frame of analysis, the .. 
following requirements should be met: 

1. In comparing solar energy systems with conventional energy 
systems, all alternatives should be evaluated o-n the basis 
of the same time frame; 

2. In evaluating an investment for a peri od. shorter or longer 
than the expected physical lives of the principal components, 
any significant residual salvage values or replacement costs 
should be taken into account; 

3. The period over which an energy system is to be analyzed 
should not exceed the life expectancy of the facility in 
which it is used, e.g., building life normally imposes a 
constraint on the life of the energy system. 
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In using a present- val ue measure to compare alternative energy 
systems, it is important that the alternatives be evaluated for 
an equal time period. Often a time cycle is chosen that will 
permit enough renewals of each al ternati ve that the cost of their 
economic lives coincides with no remaining salvage value. For 
example, in comparing a system with a 20-year life with one 
having a 30-year life, the present value of each could be ex- 
amined over 60 years. This would require two renewals of the . 
20-year systenri and one renewal of the 30-^year system. 

Alternatively, if the length of time over which the energy system 
is needed is limited, e.g., 10 years, both systems would be eval- 
uated for 10 years, with any renewa1>- co5 ts on salvage values 
remaining for either at^'the en^ of the 10 years taken into account. 

If it is reasonable to assume that the system will be needed in- 
definitely, the annual cost measure may be calculated on the 
basis of the economic life Of each system. This el i mi nates the 
necessity of evaluating both systems for the same length of time 
and including renewal costs and salvage values. With indefinite 
^need for a sy s tem, f or-exampl e , the annual' cost of the 20-year- 
life system could be calculated oa the basis of 20 years and 
compared with the annual cost of the 30-year system calculated 
for 30 years. Evaluating al ternati ves on the basis of their 
respective lives without the n^eed to include renewals and sal- 
vage can in some cases considerably simplify the calculations. 
The annual-cost measure is sometimes preferred over the presents 
value measure for this reason. ~ 

Exampl e s of Discounting "^ 

The different patterns of cash flows generated by i nves tijients in " 
solar energy systems require the use of the various discounting 
formulas. .To select the appropriate discounting formula, it is 
necessary to decide whether cash flows are to be expressed in 
terms of (1) a present value or (2) an annual value, i.e., a 
series of level val ues over "ti me . The time basis is largely a' 
matter of preference; either will serve ""^s well as the other for 
the purpose of an economic comparison, as long as a consistent 
approach is followed for the cash flows 6f a given investment. 

Table 28.9 illustrates the conversion of various costs and 
savi ngs, typi cal of those that might^ resul t from an investment 
in solar energy, to present-value and annual-value equivalents. 
The examples are based on the specific assumptions given in the 
table. ^ 

The first cblumn describes the type of cash flow. The second 
column uses* a "cash-flow diagram" to show the timing of that 
particular cash flow. The hori zonta 1 1 i ne of the dash-flow 
diagram iss^a tirne scale, where P indicates the present; the^ 
progression of time moves from left, to right, and the numbers 
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between the points represent years. The downward-pointing 
arrows represent expendi tures (cash outflows), and upward- 
pointing .arrows represent receipts or savings (cash inflows). 

The first row shows the discounting of planning and design costs 
assumed to have been incurred at the beginning of the past year. 
To convert this past cost t'o a present value, the single com- 
pound amount factor for 1 year antl the assumed discount rate of 
8 percent-is used. To convert; the past amount to an annual 
value, it is fi rst -converted to a present va\ue and then to an 
anngal value by applying the uniform capital 'recovery factor. 
Thus, in cols. 3 and 4 of Table 28.9, it may be Seen that paying 
$500 a year ago is equivalent to paying $540 now (apart from o. 
inflation), or to paying $63 each year over t)ie next 15 years, 
under the stated conditions. 

The second and third rows of Table 28^9 show the discounting of 
current expenditures associated with acqu-i ri ng^' and installing 
the System on the building. These values are already stated as 
present values and need only be converte'd to annual values by 
appl i ceiti on ^of the uniform capital recovery factor . (Tax and 
financing effects are treated later.) ^ ■ 

The fourth row of Table 28.9- shows the discounting of a series 
of yec^rly mainte'nance costs that are level in constant dollars. 
The uniform-present-value factor is used Jio convert the seri es 
of yearly expe'ndi tures of $60 to a presen^t-val ue equi valent of 
$514- There i s no need • f or any ad j ustment to derive the equiv- 
alent annual value because the cash flow is already expressed in 
annua 1 terms . ' * 

The fifth row shows the discounting of re^pair'and replacement 
costs. These costs consist of future payments that occur less 
often than every year. The si ngl e-present-val ue i s. used to con- 
vert the expected amounts of $100 in the fifth year and $100 in 
the tenth year to the tota 1 present-val uef equivalent of $114 . 
The uniform capital recovery factor is used to convert the 
present value of $.114 to an' equi val en t annual vaVue of $13. 

The sixth row shows the discounting of a single future receipt,/ 
the net salvage value of $3000 that the solar energy system is 
assumed to yield at the end of the period of use. Again, the 
single-present-value, factor is used to convert the future value 
to a present-value equivalent of $946. The annual-value equn'v- 
alent of $110 is found by applyi^ng the uniform sinking fund 
factor to see*;how much money would be necessary to invest an* 
nuall^.in order to accumul ate ,the specifieci amount by the desig- 
nated time. 

The se\?enth row of Table 28.9 snows the discdunting of expected 
energy savings. The yearly increase in the amount of savings 
reflects the assumption that energy prices will rise substantially 
faster than prices in general. At-^he outs^et, yearly savings are 
estimated at $1000. To find thp present va'lue of ^the life-cycle 
savings, it is necessary both yo escalate the y^eaMy savings and ^ 
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to discount them. This js done by using' the variation qf the 
unif onm-pre$ent-val ue formula. The present-value equivalent of 
yearly energy savings is $1 2 ,959 , under the stated conditi'ons. 



The discounted cash flows maj? now be used to evaluajce the pro- 
fitability of the investment by commuting, for example, the total 
life-cycle cost of the investment, the net savings from the in- 
vestment, or the savi ngs-t(j-i nvestmant ratio. In this simplified 
example, the net present-value savings from the investment, four>?l 
^by subtracting the total present value of costs, less' salvage 
value, from the total present value of fueVsavings, is '$3137 (i.e 
$12,959 - [$540 + ($9000 - $946) + $600 + $514 + $114] = $3137). 
In annual-value terms, total costs amount to $1147 and total 
savings to $1514, resulting in a net annual savings of $367, 
Thus, under the stated conditions, saving $3137 in present- 
, value terms over 15 years is equivalent to, saving $367 each 
year for the 15 years. . ' 
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CASH FLOW COMPONENTS ' 

A comprehensive evaluation of solar and conventional heating 
and/or. cool i ng systems requires the -assessment of the following 
kinds of costs over the life cycle: 

1. System acquisition costs, including design, engineering, 
and "search costs" if they are important, purchase prices, 
sdeliver^ costs, and installation costs; 

2. Cos^, or savings due to changes in the building envelope 
or in other building components that must be- modified to 
accommodate the solar energy system; 

3. System repair and replacement costs; 

4. Ma^ ntenance cos ts ; * 

5. Energy costs; 

ti 

6. Sal vagB^val ues , net of removal and disposal costs; 

7. 'insurance; 

8. Taxes; " - ^ 

9. Governmental incentives. 

These various kinds of costs are required for all parts of the • 
system-^eing compared. For a sol ar .energy system for a building, 
the princ>p4l parts may comprise the following:- 

1 . sql ar col 1 ector ; 

2. - thermal storage; 
3^^ik)mes ti c hot -water system; 

'■'Vi^'^a i 9^^^ components; 
5! auxiliary energy system; ^ 

6. heating and cooling distribution systems; 

7. the system control; 

8. any motors, pumps, fans, flowers, wiring, and tubing in- 
^eluded in these parts. 



If the energy systems that are to be compared have parts which 
,are identical in costs, the costs of these parts may be omitted 
for the purpose^ of comparing the economics of the systems- For . 
example, often it is assumed that the acquisition costs, as well 
as the reliability, durability, maintenance, and repair costs, , 
of the conventional auxiliary system are the ^ame as those of the 
conventional system used alone. This assumption reduces the 
number of cost elements to consider and ' s impl i f i es the analysis. 

Where, the costs of alternative systems differ, the costs of each 
may be assessed in full and then compared; or alternatively, the 
costs attributable to the solar energy system can be calculated 
by subtracting the cost of the conventi onal system from the cost 
of the combined solar/auxiliary system for each item of cost. 
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System costs (other than insurance, taxes, and incentives) may 
be further divided into: 

1 . engineering , 

2 . materi al s , 

3 . 1 abor , . ' • , 

4. marketing costs. 

This division of costs may be useful for the purpose of current 
co$t control and f or predi cti ng future system* costs. For example, 
it has been predicted that system design, engineering, and research 
costs will tend to decrease as ^the number of solar installations 
increases and the knowledge of system size requirements for al- 
ternative locations and standardized designs expands. 
As another example, there may be cos t tradeoff s between .materi al s. 
and labor that could reduce further total syst6m costs. Factory 
preassembly of solar collectors in modular form, for instance, 
tends to increase materials costs (as compared with assembly at 
the job«site), but may lower. labor costs of assembly through 
techniques of mass production in the factory. 

Some kinds of costs may be difficult to lower. Labor costs for 
collector installation, for example, may be more difficult to re- 
duce 'than labor costs for system assembly. Similarly, materials 
costs may be difficult to reduce apart from a switch to inno- 
vative designs that use fewer and/or less expensive materials. 

The realtive proportions of the various kinds of costs may differ 
considerably, depending on the type of application. For example, 
the relative proportions of materials and labor costs may differ 
for new construction and for retrofit installations. Installa- 
tion of a collector as an integral part of the building during 
construction tends to displace a portion of roofing labor costs, 
whereas retrofit of a collector to an existing building may re- 
quire additional materials costs for structural support of the 
roof. 

Fixed Costs and Variable Costs 

Another cost cdncept--one that is particularly useful in deter- 
mining the optimal system size--is the division of costs into 
fixed and variable components.' Fixed , or constant , costs are 
those that do not change as the size of the solar energy system 
is increased. (Few costs are truly uachanging as the capacity 
of the system is changed; but some costs do tend to be somewhat 
fixed over a restricted range of system sizes.) For example, 
the need for a reliable energy source may mean that the capacity 
of the conventional backup system. will be held constant over a 
wide range of "^olar energy system sizes. .Additionally, m<^t of 
the other components of a^solar energy system will have swfl^por- 
tion of their costs fixed'for alternative total system sizes. 
For example,^ solar energy syste'm of any size will require a 
minimum of controls, pumps, tanks, heat exchangers , valves, 
piping, fittings, etc. that will tend to remain about constant 
over'some range as the size of the collector area is expanded. 
The cost of the collector panels, storage, and heat exchangers, 
usual ly compri ses the major item of variable costs. Collector 
installation generally has both a fixed and a variable cost' 
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The figure to the right 
illustrates the fixed 
and variable elements 
typical of the major 
items of .costs for a 
solar energy system. 

The vertical axis 
measures costs, and the 
horizontal axis measures 
collector area. 

The upper quadrant of the 
figure shows items that 
raise the cost of solar; 
the lower quadrant shows 
items that lower the cost 

Cost curves that origi- 
nate at the origin or 
at the point of origin 
of the cost curve just 
below it, have no fixed 
el ement . 



Maintfcoancc.rtfarrs^no^ luvraiiee 
losfallofion 




Fixed tnd v^obU cnt coipfonents. (ru«d€o»(ft^re1ht difewices m the mterceirk of th« ClfP^ 
wows 



If they maintain a constant distance from the curve just below, 
they have no variable element. ^ If thej/ diverge as collector 
area increases, they encompass a vari a Die el ement . 

To estimate the costs of alternative systems, it is useful to} 
identic the fixed and variable portions of system costs, and 
to calculate the variable portion of costs as a function Of 
collector area. For example, the cost of a component such as 
storage may be estimated as follows: S = F + sAP 



where ; 



S 
F 
s 

A 
P 



1 s 
i s 
i s 

i s 



total 
*f i xed 
uni ts 
area, 
col l^ector 
pri c& per 



storage costs, 

costs for tanks, valves, etc. 
of storage medium per unit of 



area 
unit 



of storage medium. 



col 1 ector 



By dividing al V systems' costs into fixed and variable components, 
the co»st-es timatei ng equation for the system can be simplified. 
Because fixed costs are i ncurred regardl ess of the size of the 
system, t hey i nf 1 uence the optimal size. This is because it. is 
the changes in costs and savings as system size is expanded that 
determine the optimal system size. 
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Total, Average, and Marginal Costs 

The changes in costs and savings that result from an increment 
in the size of a system are known in economics as the '^marginal 
cost" and the "marginal savings", respectively. 



The marginal costs and savings are 
the derivatives of the total costs 
and savings, and when equated, re- 
sult in the maximum level of net 
savings,^ measured as the differ- 
ence between total cost and total 
savings. 

The figure to the right illustrates 
the typical relationship between 
total costs, total savings, mar- 
ginal costs, and average costs. 

These concepts apply to costs and 
savings stated in life-cycle cost 
terms . 



difference 



Total cosb 

ToUl 50WftJ$ 




CoKecfor area 



^* Collecfcrarfft 



Acquisition Costs ' . 

- Costs incurred initially (first costs) are already in present- 
value terms and require no further adjustment if a present-value 
model is used.. If an annual-value is used, "it is, necessary only 
^to multiply the total of first cos.ts by the uniform capital re- 
covery factor UCR . 

Acquisition costs may be treated entirely as a first cost if 
it is assumed that the system is purchased outrig<ht, or if no 
difference is assumed in the discount and the mortgage loan - 
rates. Otherwise, only the down-payment portion of acquisition 
costs is treated as a^first cost, and the present value of the 
remaining costs is found by first applying the RCR based on the 
mortgage loan rate of interest, and then applying to the level, 
periodic mortgage payment the uniform present value factor UPV 
based on the discount rate. Note that the mortgage payment is 
fixed and declines in constant dollars during inflationary 
periods. 

There is considerable uncertainty about the i ns tal 1 ed cos ts of 
solar heating systems, and there is insufficient information 
available to substantiate published reports. System costs 
based on research projects and demonstration projects funded 
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by the Federal Government are misleading, because the total 
costs of SMCh projects may include considerable design and 
engineering. In some i ns tances , i ns trumentati on for monitor- 
ing the performance of experimental systems and the cost of 
developing alternative components are included* The costs 
reported in popular magazines and newspaper accounts are like- 
wise mi s 1 eadi ng , because they are often based on systems which 
have been designed and assembled by the owner on a do-it-your- 
self basis. Installation labor, normally a major cost item, 
is seldom included. 

Guidelines are provided in the following discussions to esti- 
mate the total installed cost of a solar system including 
equi pment and installation labour, *0f these two i tems , equi p- 
ment costs are the larger and easier to estimate , 1 argely by 
consulting manufacturer's literature and price lists. Esti- 
mating'labor costs is more difficult because it depends upon 
the type of installation, location of the house, experience 
of the installer, and other factors. Ranges in equipment price 
antl estimates of man-hours for installation of systems in new 
buildings (in 1978) are listed below to provide cost-estimat- 
ing guidelines*^ There may be specific items of equi pmeat whi ch 
have lower costs than those listed, and some which are more ex- 
pensive, so that prices may not be icepresentati ve of any single 
project . - 



TYPICAL EQUIPMENT AND MATERIAL PRICES (IN 1978) FOR LIQUID-HEATING SYSTEM 



ITEM 


UNIT 


PRICE RANGE 
(IN DOLLARS) 






LOW 1 




HIGH 


Flat-plate collectors and 
mounti ng hardware 


ft2 


10 


15 


24 


Storage tank 


750-1200 gal capacity 


1000 


1500 


2500 


Pumps and motor 


10-20 gpm ^ 


80 


180 


^ 350 


Heat exchanger 


Each 


200 


300 


400 


Controls and sensors 


Each 


s^500 


750 


1500 


Piping (3/4 inch copper) 


-ft 


0.45 


0.60 


0.80-.85 


Val ves 


Each 


20"" 


30 


45 


Mi seel 1 an.eous fittings 




200 


250 


350 


Expansion tank 


Each 


60 


90 : 


100 


Insulation 




500 


750 


1 000 ' 


DHW Preheat tank 


Each 


80 


100 


150 
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INSTALLATION TIME ESTIMATES FOR TYPICAL LIQUID-HEATING SYSTEMS 



ITEM 


UNIT 


TIME 
LOW 


(MAN-HOURS) 
MtDiUH 


HIGH 


Coljectors and flaTlTing 


400-500 ft2 


40 


60 


80 


Storage tank 


Each 


8 


10 


12 . 


Piping loops 


Al 1 


40 


60 


80 


DHW preheat subsystem 




8 


12 . 


20 


Insulation 


All 


16 


20 


30 


Controls 




8 


12 


16 ^ . 


Testing and balancing 




10 


15 


20 



■ Table 15-3 

Typical Equipment and Material Prices (in 1978) 
for Air-Heating Systems 



Item 


Unit 




Price Range 
(in dollars) 








Low 


Medium 


High 


Flat-plate collectors and 
mounting hardware 


ft2 


10 


15 




24 


Storage containers 


ft3 


0.5 


1 




1.5 


Gravel 


ton " 


.3 . 


4 




5 


Blower and motor 


each 


150 


175 




200 


Control and sensors 


set 


500 


750 




1500 j 


Motorized dampers 


each 


115 


125 


1 


150 i 


Heat exchanger 


each 


45 


60 


1 

1 


80 i 


DHW Preheat tank 


each 


80 


- 100 


! 


150 


Ducts 


bulk 


2000 


2500 • 


j 


3500 


Insulation 


bulk 


500 


750 


1 


1000 


Miscellaneous 




200 


300 


1 


400 
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Table 15-4 
Installation Time Estimates for Typica 




stems 





Item 


1 irti -f- 


\ Time (man-hours) 


/ Low 


Medium 


High 


Collectors 


400-500 ft2 \^ 


40 


60 


80 


Storage unit 


each 




25 


30- 


Ducting 


all 


50 • 


75 ' 


100 


Controls 




8 


12 


16 


DHW preheat subsystem 




8 


12 


20 


Insulation 




16 


20 


30 


Testing and balancing 




10 


15 


20 



T^ble 15-5 

Equipment Costs for Components of Domestic Water Heaters (1978 prices) 



Item 


Unit 


Price Range 
(in dollars 




uU 






Low 


Medi um 


High 


Flat-Plate Collectors 
and mounting\hardwdre 


ft^ 


10 


15 


24 


Preheat tank j 


8*0-gallon 
capacity 


100 


200 


250 


Pump and mo^r 
jassembly 


each 


80 


120 


150 


^eat exchanger 


each 


200 


300 


400 


Controls and sensors 


set 


100 


150 


200 


Piping (1/2 inch copper) 


ft 


.40 


.50 


.75 


^tfalves 


each 


20 


30 


45 


Miscellaneous fittings 


bulk 


30 


40 


50 


Expansion tank 


each 


60 


80 


100 


Insulation 


bulk 


80 


100 


120 
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Table 15-6 

Estimates of Installation Times for Domestic Water Heaters 





Unit 


Time (man-hours) 






Low 


Medi urn 


High 


Collectors and flashing. 


2-4 collector 
units 


4 




8 


12 


Preheater tank 


1 


1 




2 


2 


Piping loops, pumps, valves 


all 


8 




12 




Insulation 




,2 




4 


6 • 


Controls 




1 




2 


3 


Filling, testing, and 
adjusting 




2 

■ 




i 4 


' 6 


For packaged units, subtract 
20 percent from total 


Total 
(with- 20% 
subtracted) 


!14 

i 




26 


i 37 

1 
I 
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Maintenance and Insurance Costs 

In a present-value model, level yearly recurring costs are 
brought to a present value by multiplying the amount in the 
base year by the uni form present value factor, UPV, provided ^ 
the analysis is in constant dollars and uses a real discount 
rate. If the analysis is in nominal dollars and uses a nom- 
inal discount rate, it will be necessary to multiply base- 
year costs by the modi fi ed vers i on of the UPV , . i ncorporati ng 
the projected M nfl ati on rate. 

No acyustment to the base-year costs is needed far an annual- 
value model". The base-year valued can be interpreted as uni- 
form annual values in constant dolTars. 

Maintenance and insurance costs are often treated as yearly 
recurring costs, remaining unchanged in constant dollars. 
Alternatively, these costs, particularly maintenance costs, 
may be projected to change in real terms, because of deteri- 
oration over the life of the system. If the projected change 
is at a constant rate, the modified UPV can be used to convert 
to a present value. ' If the rate of change is not constant,, 
thffese costs are usually treated as nonrecurring costs. 

If additional insurance costs are incurred on the solar energy 
system, they should be cons i dered . i n the l ife-cycle cost an- 
alysis. In so doing, it is important to remember that insur- 
ance costs represent a tradeoff to the homeowner for incurring 
damage costs. It is the net cost to the homeowner of damage, 
Ip, which is relevant, that is, thecost of insurance (insur- 
ance premiums) pTus damage losses, net of insurance reimburse- 
ments co-Vlected. The net cost in annual-cost terms is as ' 
follows (ref 8) : 1^=1+1-0 

insurance premi ums , 
damage loss, 

insurance reimbursements. 



Energy Savings • * 

If a yearly recurring cash flow, e.g-, energy savings, is pro- 
jected to chan^g.e at a constant rate over some period of time, 
the modified uni form present value factor, UPV, for the appro- 
priate period of tirpe can be multiplied by the base-year 
amount in order to determine the equivalent present value. To 
determine the equivalent annual value, it is necessary first 
to find the present value incorporating the price escalation, 
and then to apply the unijpom capital recovery factor, UCR, to 
the present-value amount. ^> The projected rate of future price 
escalation can also be changed over time. 



where: I is annual 
L is annual 
C is annual 
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Replacement Costs and Salvage Value 

Cash flows that do not recur annually, such as repair and re- 
' placement costs and salvage values, can be converted to a 
present-value by applying to each item the single-present-value 
factor, SPV, appropriate to the year in which the cash flow 
occurs. Nonrecurring cash flows can be converted to an annual 
val%e by applying the- uni form capi tal recovery factor, UCR, 
to the present-val u6 amount . 



Property Taxes and Income Taxes 

The j^ffect of taxation on the costs of a solar system to the 
owner may be consi-dered for two main cases: 

1. for the owner-occupj ed solar residence, and 

2. for the rental solar residence or other solar commercial 
bui 1 dings . 

For both cases, taxes impact on costs in several ways, in some 
instances raising and in other instances 1 oweri ng. 1 i f e-cycl e 
costs of the solar heating,, ventilation, and air-conditioning 
(HVAC) system relative to its conventional counterpart. Let 
us examine th*e two cases in turn for tax impl tea t i ons . 

Owner-occupied residence : For the g^ner-occupi ed residence, 
the primary tax effects are from the property tax and, indi-. 
rectly, from the income tax^ The particular effect of either 
of these taxes could be expected to vary among individual solar 
residences, dependi ng upon local property-tax rates , property 
assessment practices, and the income-tax bracket of the home- 
owner. The focus here is on the nature of the effects and on 
the method of including them in the life-cycle cost analysis. 

The property tax, which is levied as a percentage of a frac- 
tion of the market value of a building, would tend to raise the 
life-cycle costs of a solar HVAC system relative to a conven- 
tional system. Life-cycle costs would be raised because, other 
thinjS^s equal, the greater first cost of solar HVAC equipment 
i^^^^ifTd be reflected in a higher market value. for the residence, 
and hence in a larger assessed value for the solar residence 
than for a conventional residence with its lower first-co^t 
HVAC system. Thus, the capital iti tens f venes s of an HVAC ^ 
system influences the amount of property taxes levied on a 
residence, and thereby alters the 1 i f e-cy cl e cos t of the HVAC 
system. 

As a simple example, let us compare the property tax on a 
$60,000 solar residence, of whjch $8000 is attributable to, 
additional cost of the solar HVAC system, with a counterpart 
conventionally heated apd cooled home valued at $52,000 (i.e. 
$60,000 - 8000). Given a typical tax rate of 4.50 percent of 
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50 percent of market value, -^the $60,000 solar residence y/ould 
be assessed at $30,000 and taxed $1350. The counterpart con- / 
vehtional home, would be assessed $26 ,000 (i.e., 50 percent of 
$60,000 - $8000) and taxedV$n70; For purpose of illustration, 
further assume a real di scount *rate of 2 percent^ a. constant 
real property val ue (including a constant real value for the 
sqlar system With replacements made as needed), .and a constant 
py^operty tax ratel^over a 20-year perio^'d of evaluation. (The 
assumption of a constant real property value and constant 
property tax rate means that eveti though' th^ nominal , or mar- 
ket, property value changes , ^,the yearly property tax remains 
constant in terms of present prices.)^. Over 20 years, the 
property tax on the ^sol ar res i dence v/ould amount in present- 
value terms to $22 , 074-.i . e $1 350 [(1 + 0 , 02 ) ^ ^-l | / /]) . 02 ( 1 +0 . 02') ^3 

$22 ,074 ; the present value of the DroDerty ' tax..Q.ri thp cnhyeDti nrfa 1 
residence would amount to $1 9 ,1 31 -i . e . , $1170 Ql + 0.02)^^ 
-l|/ 0.02 (1+ 0.02)^Si7 $19,131 . Thus, the effect, of the 
property tax in the a.bove example is to raise the life-cycle 
cost o"f the solar residence relative to -the conventi onal system 
by nearly $3000. This simple illustration indicates that the^ 
property tax provides a disincentive for choosing solar HVAC 
systems. 

In the example a constant real property, val ue was assumed for 
ease of illustration. Thi s assumpti on implies no real de- 
preciation of the system over t i me duri ncj whi ch necessary re- 
placement of parts is made: i.e., the salvage vai*ue, in real 
terms, is assumed eaual. to the original first cost. In some 
cases this assumption might be. reasonabl e . An^ al ternati ve 
assumption is that^ the HVAC system (with parts replacements) 
depreciates in real terms from the time of purchase, s.o that 
little or no real value rem^iin^ after, say, ^20 years. Yet 
another bossibl^ assumption is that the Assessed value of the 
system s i mu 1 tane^s 1 y reflects inflatibn and '^deter i ora ti on . 
This thi rd assumprron is described by the followling equation: 

n ^ 
" PVt = 2 tGn- . (1 - t) 

j=l. (1 + i)J ^ ^ 

where ,t = the property tax rate 
- = the income tax rate 

t • 

Gj= the assessed valiie of the H.VAC systegi in 
year j in present dol 1 ars- 

Th^^resent value, or, depending on the model, the annual value, 
of the property taxes would be computed and added tOL^other costs. 
This formula woyld cover both the case of a constant real assessed 
value for the HVAC system and the case of changing real assessed 
va 1 ues over ' t i me . 

The income tax, ^n contrast to the property tax, would tend to 
reduce the life-cycle cost of a solar vis-a-vis a conventional 
residence in two ways. For one thing, the homeowner is able 
to deduct solar mortgage interest payments from taxable income. 
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The hiqher first cost of the solar HVAC system, by increasing 
the size of the mortgage to be amortized, raises interest 
payments, the hi gher' i nterest payments can then be deducted 
from income for purpose of colnputing income tax. The value 
of the tax deduction depends on the homeowner's persoqal 
income-tax bracket. Consider, for purpose of illustration, ^ 
the case of a solar HVAC system whose first cost of, say, $8000 
comprises part of the homeowner's mortgage. With a 10 percent 
market rate of interest on the residential mortgage, the $8000 
amoritized over 20 years would add approximately $940 per year 
tothe mortgage payment. (For simplicity let us assume yearly 
mortgage payments rather than monthly payments.) The addition 
to the yearly' payment is fixed at $940 over the 20 years , and 
interest comprises a declining portion of the payment over time. 
In the first year, interest amounts ta $800(i.e., $8000 x 0.10= 
$800), and the principal is reduced by $140 (i.e., $940 - $800 = 
$140). In the second year, interest is $786 U-e., ($8000^$140) 
0.10 = $786/, and the principal is reduced by $154 (i.e., $940- 
$786 = $154). Thus in the first year, the solar system would 
result in additional interest deductions from taxable income 
of $800 and, if the homeowner is in a 25 ^re^rcent income-tlx 
bracket, the end-of-year value of the deduction would be $200 
, (i.e., $800 X ,0.25 = $200). At a 2 percent real discount rate, 
the. present value of this savings would be $196 [i.e., $200/ 
(1 + 0. 02) ^ = $196) . In the second year, the present-value reti^rn 
from the income-tax deduction would be $189 Q.e., ($786 x 
0.25)/(1 = 0.02)^ = $189}. Over the full 20 years, the present 
value of the interest deductions, PVj, |Vou1d be calculated, 

general 1y ?as : ' n - , , 

PVt = E t L.-m . p 

^ j=i (1 

where: t = personal income-tax rate 

L,- = the additional mortgage loan principal 

outstanding in period j, i.e., 'that part 
associated with the HVAC system 



m 



the market rate of interest on the mortgage 



(During a period of price change, it would be necessary to 
apply a price index to the amount of the tax deductions to 
convert them to constant prices or to use a nominal discount 
rate. This conversion of current dollars to real terms would 
be necessary because the tax deductions are fixed, and do not 
reflect changing prices.) To account for the effect of tax 
deductions of interest, the present value is subtracted from 
the homeowner's life-cycle costs. 

In conclusion, property taxes tend to increase the homeowner's 
cost for a solar system relative to a counterpart conventional 
system because of the greater capi tal - i ntens i veness of the 
typical solar system. Income-tax effects, on the other hand, 
tend to reduce the relative costs of the typical solar syste, 
principally because of deduction from the homeowner's taxable 
income of interest payments which are larger for more capital- 
q' intensive systems. , 
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Commer ci al and Industrial Buildings : Let us now consider the 
tax effects on the life-cycle cost of a commercial building 
equipped with a solar HVAC system, as compared with a commercial 
building equipped with a conventi onal HVAC system. In the case 
of commercial useof solar, energy systems, the previously de- 
scribed property tax and income tax effects wduld also apply. 
The i ns ti tu.ti bnal treatment tff property tax and interest charges 
would be somewhat different for commercial buildings than for 
owner-occupied hauses in that these items of cost would be 
deductible as business expenses. The effect on costs, however, 
would be described by the same mathematical expressions de- 
veloped above. Jhere are, in addition, other income-tax- 
deductible expense's to consider in evaluating the commercially 
used system, such ^s depreciation deductions and deductions of 
Oi)eratinq (including energy) and maintenance- expenses. Also, 
after-tax rental incom e of commercial buildings may be in- 
fluenced by the choice between solar and conventi ohal HVAC 
systems, and therefore, may need to be considered. 

The larger capitalized value of a solar 'energy system would 
result in increased deductions of depreciation from taxable 
income. For example, for a straight-line method of depreciation, 
a first cost of $8000 for the solar system, a 20-year life, 
and no salvage value, the annual depreciation deduction would 
be $400. The present value to the building owner'of the $400 
,depreci ati on in a given year may be found by app>ying the 
owner's income tax rate to the $400, and discounting that 
amount to the present. If inflation is present, the $400 must 
first be converted to constant dollars before discounting. 
Alternatively, a depreci ati on method might be used Which does 
not yield equal year*ly amounts,>in either real or nominal, terms 
(e.g., a declining balance method). A general expression of 
the present value of the tax deduction resulting from depreciation, 
PVrf, is: 

n D,-t , 

' fvj = z ^ itn^ 

where: Dj = depreciation in year j, i n presen^ dol 1 ars 

mm ^ 

t = bui 1 di ng owner * s income-tax rate. 

On the other hand, a solar energy system might mean lower ope- 
rating (fuel) costs than its conventi onal counterpart. Because 
of the attendant decline in tax-deductible expenses, tax'deduc- 
tions for operating costs would tend to ' be 1 ower^ f or a solar 
system than for its conventional counterpart. 

Because of the time value of money, the present value of de- 
preciation expenses is less than the present value of the capital 
expenses upon which it is based. In contrast, the present value 
of the deductible operating expenses is approximately equal to 
the corresponding operating expenses incurred.. Consequently, 
if present-value capital costs are substituted (traded bff) for 
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present-value operating costs on a doll ar-for-f oil ar before-tax , 
basis, there will not ^be a correspondi ng-doll ar-f or-doll ar tradeoff 
on an after-tax basis. Rather, the present value of after-ta xx 
capital costs will increase relatively more than operat i ng c^cTsts 
decline, and after-tax totalcosts will, therefore, rise as/a 
result of the more capital-intensive system. Henc^e, the fpct 
that operating cos.ts afe fully deductible as a current busnness 
expense , whi 1 e capital costs are deductible only as a depreca- 
tion expense, may in some cases bi as "bui 1 di ng owners towards 
rel a t i veJy less capital-intensive conventional HVAC systems, over 
solar ene>^y systems. 

In most cases, it will probably be reasonable to'assume that 
there are equal private benefits for the solar energy system and 
the conventional counterpart to which it is compared. However, 
in the case of some rental properties, particularly low-density 
rental residences, it may be necessary to take into accouat 
possibVe difference's in rental revenue. Where conventionally 
provided utilities are paid by the tenant, rental revenue should 
be expected, other things equal, to be higher on a solar residence 
than on a comparable conventionally equipped residence. That is, 
the owner of a solar rental residence would incur the costs of 
solar equipment that would be reflected in higher rent but lower 
utility bills to the tenant. The owner of the rental solar res- 
idence would require higher rental payments to cover higher 
capital , costs. If other things are equal and the market is 
functioning well, tenants should be willing to pay an additional 
amount of rent up to the amount of the additional utilities outlay 
which they would incur in a counterpart conventional ly equipped 
residence (i.e., an amount sufficient to equalize the life-cycle 
costs to the tenants of counterpart solar and conventional rental 
units). 

Different amounts of benefits (i.e., rental income) for buildings 
equipped with different HVAC systems mean that benefits of the 
alternative systems are unequal . To compare the alternative 
systems , differences in their benefits as well as in their costs 
should be evaluated. Inequalities in benefits can be^ treated in 
the present-value and annual-cost equations as negative costs, 
by entering, in this case as a negative cost, any additional 
after-tax rental income generated by the rental solar residence 
over the conventional counterpart. Annual after-tax rental 
income Y^, would be expressed as: V 

= (1 - t)Y 

where Y = . additional annual gross rental revenue for b 

solar residence over i ts' counterpart conventional 
residence 

1-t = the factor applied to obtain after-tax income. 
This additional amount of annual income, i.e., 
(l-t)Y, would be con^verted to present value and 
subtracted from life-cycle costs- 



Government Incentives 



Effective life-cycle costs to owners and users of sol ar- equ i pped 
buildings may be further changed by governmental programs de- 
signed to encourage adoption of solar HVAC systems. These pro- 
grams might of f er speci a V i ncen ti ves for solar systems in the 
form of .tax credits, low-interest loans, or direct grants or 
subsidies to manufacturers and/or buyers of solar HVAC systems. 
Al ternat i verly , incentives for solar energy systems might be ^ 
provided in the form of penalties applied to conventional HVAC 
systems sup+k^s taxing conventional HVAC systems more severely 
than solar systems. In either case, if the comparative cost to 
the homeowner is altered by special programs, the cost evaluation 
should reflect the fnduced changes. 

The method of treating the cost effects of such programs would 
vary. Subsidies to producers of solar systems, for example, 
might be reflected in the lower purchase price of the systems, 
and no additional expression need be introduced into the life- 
cycle cost model in order to assess this effect. On the other 
hand, a subsidy to the purchaser of a solar energy system, say, 
in the form of a low-interest loan for the purchase of a solar 
home, might require specific evaluation of the interest subsidy, 
including income tax effects. 

Some programs intended to provide incentives for purchase of 
solar energy systems may do this by reducing previously existing 
disincentives for solar energy. For example, some states and, 
.localities are exempting some part of the first cost of a solar 
energy system from the property tax (e.g., in Colorado, the law'* 
requires that solar systems be assessed at 5 percent of their 
market val ues ) . 

Following are seven types of financial incentive policies that 
appear to be the principal types of incentives under consid- 
eration both at the state and federal levels: 
1 . Di rect grant 

2. Income-tax credit 

3. Property-tax reduction 

4. Sales-tax reduction 

5. Income-tax deduction for depreciation 

6. Loan- i n teres t subs i dy 

7. Tax on conventi onal energy 

Each of these is briefly described and discussed in turn. 

(J * 

The first type of incentive listed, j.e., a direct grant to the 
purchaser of a solar energy system, is being used i n con j u net i on 
with federal programs as, well as by a number of states. The 
Solar Demonstration Program (1974-79), administered by the U.S. 
Department of Housing and Urban Development (HUD), provided 
grants for the installation, of solar units in new and existing 
dwellings. Grants can be treated in the evaluation model as a' 
negative first cost. 
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The second type of incentive listed, i.e., the income-tax credit, 
involves 'the reduction of the recipient's income-tax liability by 
a specified amount. Aside from slight differences in timing, 
the income tax credit is essentially the same as a direct grant, 
as long as the credit is reimbursable (i.e., the recipient re- 
ceives any excess of the tax credit over the amount of income- 
tax liability). For example, suppose a tax credit of $2000 is 
allowed to the, purchaser of a solar energy system whose per- 
sonal income-tax liability is only $1500. If the purchaser re- 
ceives a check for $500, in addition to the waiver of income 
taxes owed, the purchaser will have the equivalent of a cash 
paymen^t of $2000 received at that time. Extension of the invest- 
ment -tax credit to cover solar energy equipment installed in . 
commercial buildings fs also a type of tax-credit incentive. 

The third type of incentive, i.e., the reduction in property 
taxes, appears to be the most prevalent form of direct financial 
incentive now. being enacted at the state level. 

The fourth type of incentive, i.e., the reduction in the sales ' 
tax on solar energy equipment, is less frequently used. 

The fifth type of incentive, i.e., the allowance of an income- 
tax reduction for depreciation on the capital costs of solar 
energy systems, c^in take several forms. One approach is to 
expand the current eligibility for capital depreciation deduc- 
tions from businesses to include homeowners. Another approach 
is to increase the value of the depreciation, either by short- 
ening the length of time over which the depreciation is written 
off against yearly tax liability, or by otherwise allowing a 
more liberal depreciation method. The value of the write-off 
is increased by shortening the defined life of the system or by 
using a depreciation method which results in larger deductions 
initially because the tax savings are thereby obtained more 
quickly and can be put to' prof i tabl e use.^ 

The sixth type of incentive is a subsidy to reduce the interest 
rate charged .on loans to purchase solar energy systems . The 
after-tax value of this incentive may be substantially less 
than the befone-tax value. 

The seventh incentive is the imposition of a special tax on 
conventional energy sources. Because^ sol ar ^^nergy systems de- 
rive their economic value from the cost of alternative sources 
of energy, raising th? price of the alternative sources (e.g., 
by imposing a new tax or by raising existing taxes) will in- 
crease the value of solar energy. 
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NON-LIFE-CYCLE-COST EVALUATION METHODS 

The methods of economic evaluation encompass a wide range of 
options depending upon the cash flow components and the period 
to be considered in any specific analysis. The various methods 
can be conveniently separated into two groups: (1). those which 
evaluate on the basis of life-cycle costing, and (2) those which 
do not. The latter methods will be introduced first. 

Brea kev en Cost 

One simple method to assess the economic competitiveness of a 
solar sj^stem with a conventional system, is to compare the costs 
of delivered energy. If the solar and conventional enregy costs 
are equal, they are said to "break even". In breakever calcula- 
tions a uniform annual cost is applied, and in simplest terms, 
inflation and discount rates are ignored. Usually, the uniform 
annual cost of the solar system is considered to consist of 
annual mortgage repayment (principal plus interest) and operating 
costs. More complex breakeven analysis could include other an- 
nual costs such as property taxes, insurance, and maintenance, 
minus an annual credit for income tax saving on interest paid 
on the mortgage^^,J[>he simple calculation assumes that property 
taxes, insuran"ce\ and maintenance costs are offset by an annual 
income tax credit on the interest paid (at least in the first 
few years ) . 



Ej(ampj e of Brea^'keven Cost 

Probl em : A solar heating system with 300 ft^ of collectors 
costs $12,000 ($40/ft2). After taking a Federal income tax 
credit of $4000 and state income tax credit of $1000, a 30-year 
loan is negotiated for $7000 at 10 percent interest. The solar 
system will provide an annual average useful thermal energy of 
50 million Btu. Determine a (simple) breakeven cost for the 
solar system. 

Solution : At 10 percent interest, a 30-year loan will necessitate 
a uniform anntkal payment of $743 to repay the $7000 loan. With 
a net useful annual solar thermal energy delivery of 5- MMBtu, 
the solar ener/gy cost is $1 4 . 86/MM.Btu , and breakevern prices of 
convent ional-^uelsare: 



TYPE OF FURANCE 



BREAKEVEN PRICE 



Electric Resistance ^ 5.1(/:/KWh 

Oil furnace at SOt efficiency ( 1 40 , 000 Btu/gal ) $1.25/gal 

Propane furnace at 70% efficiency (90,000 Btu/gal) $0.94/g-al 

Natural gas furnace at 70% efficiency (1000 Btu/ft"^) $1.04/100 ft^ 
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Payback Eva 1 ua tion 

Another widely used method of evaluation, the payback method, 
does not take into account costs and savings over the life of 
an investment, and , therefore , is not in a strict snese a life- 
cycle costing method. In the case where a fast turnaround on 
an investment is required (for example, to repay a short-term 
loan), the payback method may provide useful information. This 
evaluatiorv method measures the elapsed time between the point of • 
an initial investment and the point at which accumulated savings, 
net of pos t- i nves tmen t accumulated costs, are sufficient to off- 
set the initial investment. 

The calculations may be made with or without consideration to 
escalation of energy prices and market >^i scount rate. If in- 
flation and discount rates are ignored, the result of the cal- 
culation is called simp! e payback (SPF) period. If inflation 
and discount are both considered, a di scounted payback (DPF) 
period can be determined. 



Simple Payback Method 



In equation form, simple payback period may be calculated as 
f ol 1 ows : 

SPB (years) = System Cost > 

(Annual Energy Costs Savings-Annual 0* and Costsj 

(*0 and M are operating and maintenance) 



Example of the Simple Playback Method ^ 

Probi e m : Determine the simple payback period for solar aysftem 
with a net investment cost (after tax credits) of $8000 which 
deliveris 80 million Btu of useful solar erngy annually. The 
annual operating and maintenance costs total $172, and the con- 
ventional fuel displaced is electricity at 5(/:/KWh. Determine 
also the discounted payback period if the fuel inflation rate 
is 15% and discount rate is 10%, 

% ^ 

Solution :. The annual energy cost savings are: 

80 X 10^ Btu X $0.05 = $1172. 
3413 Btu/kWh kWh 

The operating cost is computed oTTThe basis of 1% operating 
energy requirement and a small amount is added for maintenance 
to total $172. Then the simple payback period is: - . 



SPF = 



8000 = 8 years 
1172 - 172 
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Pi scounted Payback Method 

Discounted payback period is the period between initial in-„ 
vestment and the time when net energy savings, appropriately 
inflated and discounted, equal the initial investment. 

The algebraic expression for determinging discounted payback is 
the following: 

H Y Y . ~, 

Z Z (PkAQk bJ) + Z aJ(AM. + ARiR = 0^^ 

Us=i j=l j=l ^ 



AI + 



where: I = total/first costs associated with the energy 

syste^m, including design, purchase, installation, 
building modification, and the. value of useful 
b u i 1 d i n g s p a c e 1 0 s t ; 

P|^ = the initial price of the kth type of conventional 
energy for energy types k = 1 to H; 

A = change attributable to solar energy; 

Q|^ = the quantity required of the kth type of conven- 
tional energy (equi pjnent ef f i ci enci es shoul d be 
takeninto account in calculating Qk)i 

bJ = (1 + e^|^)/(l + d)J = a formula for finding the 

present value of an amount in 
the jth year, escalated at a 
rate ekj where k denotes the 
kth type of energy ; 

a^ = (1 + d)"J = the s i ngl e-present-val ue formula com- 
puted for a designated year from 
from j = 1 to Y and discount rate d; 

Y = the number of years to pay back when cash flows 
are di scounted ; 

Mj = maintenance costs in year j; 

Rj = repaivr and replacement costs in year j. 

If the net savings are constant S, Y = -1n(l - iI/S)/ln(l + i) 
vihere ^\:Jri the compound rate of interes.t. ^ 

Exam p le of Dis.counted Payback 

The table on next page shows the payback period cal cul ated f or 
the hypothetical investment problem used to illustrate the life- 
cycle cost methods. Cumulative discounted savings and recurring 
costs are compared in each year with the initial investment cost 
until net savings become positive. With energy prices esca- 
lated at a rate of 5 percent and discounted at a rate of- 10 
percent, energy savings are shown to offset investment costs in 
the seventh year. 
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Illustration of Discounted Payback Method* 



Years into 
the invest- 
ment 
(1) 



Amount of 
initial invest- 
ment cost, 
dol 1 ars 
(2) 



Present value 
of cumulative 
energy savings 
t dollars 
(3) 



Present value 
of other cum- 
ulative costs 

(4) 



Present 
value 

net savTTfgs 
± dollars 

(5) 



ivingi 



1 


8000 1432 


.0 


^6568 


2 


' 2799 


0 


-5201 


3 


] 3103 


0 


-489-7; 


4 


^ 5348 


0 


-2652 


5 r- 


6537- 


0 


-1463 


6 


7672 


0 


- 328 ^ 


7 


8755 


0 


+ 7 55 . 



Based on hypothetical cost data and assumptions presented in the 
discussion of life-cycle cost emthod, and derived by the discounted 
payback equation. 

Derived by applying to the base-ye^ar energy savings of $1500 
the uniform-present-value factor for each successive year, 
including a factor for energy price escalation. 
Net savings is the difference between the initial investment 
cost and the cumulative present value of savings less re- 
curring costsi' 



Advantages and Disadvantages of Payback Methods 

The payback method has the principal advantages of being easy to 
understand and familiar to a wide audience. Its appeal also 
lies in the fact that it allows emphasis to be given to the 
rapid recovery of investment funds, an objective important to 
many organizations. Rapid payback is often of critical impro- 
tance to speculativ^e investors. It can ailso be important to 
other investors if financial resources are available for only a 
short period of time or if there is considerable doubt as to the 
expected life or resale value of the major components of the 
investment. Often, however, there is too much emphasis on the 
length of the payback period, and not enough emphasis on overall 
expected prof i tabi 1 i^ty of the investment. . 

A principal d i s ad>/*an tage of the payback method is that even if 
based on discounted cash flows, it does not provide a compre- 
hensive evaluation of art investment's profitability. It is not 
comprehensive because it does not include those cash flows that 
occur after the point payback is reached. The case is sometimes 
made that this shortcoming can be overcome by comparing the 
expected life of the major components of an investment with the 
estimated payback period to determine how long savings are ex- 
pected to continue beyond the point that costs are recovered. 
And, with very simple investment problems involving uncomplicated 
patterns of costs and savings, this comparison can usually be 
made. 
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However, even in thefsimple case the payback method provides no 
clear, reliable me^^iire of overall ee^onomic performance for com- 
paring altern^tiv-e investments. Comparison of alternatives 
strictly on the basis of the payback period may lead t-o inef'f4=*==_ 
cient investment decisions, because an^ i nves tment with a longer 
payback may be more profitable than^an investment wi thl^a s horter 
payback. . * 



LIFE-CYCLE COSTfNG METHODS ^ , 

When investment costs are high and resulting dollar benefits 
(savings) are distributed and changing in amount over time--as 
they are for most applications of solar energy--it is reasonable 
to make thorough compari sons of lifetime costs and savings be- 
fore undertaking an investment. "Life-Cycle costing" is a method 
of economic evaluation that is generally appropriate for eval- 
uating an investment whose principal benefits occur in the form 
of cost savi ngs . ^ 

Although the term life-cycle costing is used to refer to a spe- 
cific method of measuring economic performance, it is also often 
used in a broader sense to refer to an/'of sev-eral Widely used, 
comprehensive methods that evaluate all significant costs and 
benefits (savings) over the relevant period of time, taking 
into account the time value of money. These include the net 
benefits (or savings) method, the benefit/cost (or savings-to- 
investment) ratio method, and the internal rate of return method. 
The evaluation methods differ essentially in the manner in y^hich 
they relate costs and savings. <, 

For example, the life-cycle cost method,' used to refer to a 
specific evaluation method, means the summing of acquisition, 
maintenance, rep'air, replacement, and energy costs over th^ 
life of the investment. The investment that has the lowest 
total 1 i fe-cycl e cost while meeting the investor's objectives 
and constraints is the preferred i nvestment. 

The net benefits method, as^ applied to solar energy, finds the 
difference bet\yeen the lifetime dollar energy savings from an 
investment in solar energy and its lifetime dollar costs. A 
positive dollar value means the investment is profitable^ and 
a negative value indicates losses. 

The benefit/cos^ (or savi ngs-to-i nvestmeni) ratio method ex- 
presses savings, net or recurri ng costs , from solar energy as a 
numerical ratio to investment costs. The higher the ratio, the 
more dollar savings that are realized per dollar of investment 
cost. 

* 

The internal rate of return method finds the interest rate for 
which lifetime dollar savings are just equal to the lifetime 
dollar costs. This interest rate indicates the rate of return 
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on the investment. The rate of return is then compared to the 
investor's minimum acceptable rate of return to determine if the 
investment is desirable. 

Although these evaluation methods are closely related to one 
another, they are not necessar i ly subs ti tutabl e methods for 
dealing with differenct types of investment decisions. For 
s'ome types of decisions, the choice of a method is more impor- 
tant than for others. The choice of method is not usually 
critical, for example, in simpl e "accept-reject" investment 
decisions, in that any of the above 1 i fe-cycl e cost methods, 
used correctly, will indicate if an investment in solar energy 
will save more than it costs. 

The choice of method is important for distermi n i ng t he econom- 
ically optima-1 size of a solar energy system. For this type 
of decision, the life-cycle cost method or the net benefits 
method, is recommended over the other methods because either 
of these two methods will indicate very directly the optimal 
system size. As long as the total cost of a building is re- 
duced or the net savings from an investment is increased by 
adding to the capacity of the solar energy system, it pays 
to do so. 

For allocating a limited budget among available investment 
opportunities, the benefit/cost (savings-to-investT!ient) ratio 
method or the internal rate of return method i s recommended , 
because the use of either of these methods will result in the 
selection of inve^stment projects with th^e largest total re- 
turn for^ a given i nvestment^ budget . 

L ife-Cycle Cost Method ^ \ 

This evaluation method calculates either the total present 
value or the total annual value of the lifetime dollar costs 
associated with each alternative energy system under consid- 
eration. The alternative with the lowest cost is more eco- 
nomical, provided it meets other requi rements of the investor. 

Present Value of Li f e -Cycl e^ Costs 

■ ■ — ■ 

Following is a formula for calculating, in present-value dol- 
lars, the total life-cycle costs a PV associated with owning 
and operating any energy system: 

h . h h . 

PV = I - (Vna") + E aJ(M- + R.-) + E E PkQ|,bJ 

j=l ^ ^ k=l j=l ^ 

Where: PV = total present-value, life-cycle costs, before 
taxes^c^^associ a ted with a given energy system; ^ 
I = total first costs associated with the energy 
system, including design, purchase, installa- 
V tioji, building modification, and the value of 

^ ' useful building space lost.; 

9^- ' ^9 
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Qk 



residual or salvage value at year 
in the evaluation; 
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the last year 



the single-present-value formul computed for a 
designated year from j = 1 to n and discount rate 
i .e/, aJ = (1 + d)-j ; 

maintenance costs in year j; ^ 

repair and replacement costs in year j; 

the initial price of the kth type of conventional 
energy for energy types k - 1 to H; 

the quantity required of the kth type of conven- 
tional energy (equipment efficiencies should be 
tak;en into account in calculating Qk); 

a fbrmula for finding the present value of an 
amount in the jth year, escalated at a rate e^y 
wherd k denotes the kth type. of energy, and dis-^ . 
counted at a rate d; ir^T, bJ^ Ql + e[^)/(l djj J 



Exampl e of t h-e Li f e-Cycl e Cost Method in Present-Value Dollars 

Table 28.1 illustrates in a simple example the use of the^ife- 
cycle costing method to compare two al ternati ve energy systems; 

(1) a combined solar and conventional energy system, and 

(2) a conventional energy system used alone. The total costs 
were calculated from the equation for present value of live- 
cycle costs . , 



TABLE 28.1 Illustration of the Llfe-Cycl* Costing Mslhod In Prssent-Value DoIlarV 



Type of energy 
system 
(1) 


Period of 
analysis, 
years 
(2) 


Initial 
investment 
cost, dolhirs 


Base -year 
energy costs, 
dollars 
(4) 


Present value 

of energy 
costs,** dollars 
(5) 


Replacement 
costs, dollars 
(6) 


Present value 
of replacement 
costs, dollars 


Salvi^ge, 
dollars 
(8) . 


Present value 
of salvage,** 
dollars 

.(9) 


Present value 
of total costs,' 
dollars 
(10) 


Solar/ conventional 

aiixiliiiry 
"Convt»nlional 


20 
20 


20,000 
12,000 


500 
2000 


6359 
25,435 


0 

6000/15th 
year 


0 

1436 ^ 


0 

4000/20th 
year i> 


0 
594 


26.359 
38,277 



•All losis an. evaluated with a discount rate of 10%, a fuel price escalation rate of 5%. an investment horizon of 20 years, and the assumption that the solar energy system 
has no value rruiiiining after 20 years, and the conventioilal system has a salvage value of two-thirds of the cost of the replacement. 
•^Derived using the uniform-preSent-value formula including a factor for fuel price escalation, for a discount rate of 0.05, and 20 years; i.e., 



$6359 = $500 2 I 



1 -f 0.10^ 
1 + 0.05 



$25,435 - $2000 2 ( —-^ 



10 



'Derived using the single -present -value factor for a discount rate of 0,10 and 15 years; i.e., $1436 = $6000 (0.2394). 

•♦Derived using the single -present- value factor for a discount rate of 0.10 and 20 years; I.e., $595 = $4000 (0.1486). ^ 

• Derived by summing the present value of investment costs, energy costs, and replacement costs Ifcss salvage value; i.e., col. 10 = cx>l 3 -f col. 5 + col. 7 
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The combined solar/conventional energy system is 'assumed to cost 
$20,0iD0 or $8000 more than the conventional system alone (col. 3) 
The major components of the combined system are expected to last 
20 years, as compared with 15 years for the conventional system 
alone. Setting< the period of analysis at 20 years for both 
systems' (co*1.2)- means that the conventional system will be due 
for a major replacement (assurped to cost $6000) at the end of 
the 15th year (col. 6), of which two-thirds of the value is as- 
sumed to remain at the end of the 20th year (col. 8). The com- 
bined system will require no replacements and is assumed to 
result in -substantial f uel ,savi ngs , reducing annual energy costs 
from $2000 to $500, valued in base-year dollars (col. 4)., On 
the basis of an expected fuel price rise of 5 percent per year 
and a discount rate of 10 percent, the present v?lue of energy 
costs for the combined system equals $6359 (col . 5 ) , ^and i ts 
total life-cycle cost equal s $26 ,359 (col. 10). For the conven- 
tional system alone, the present value of energy costs is $25,435 
(col. 5), the present value of replacement cost equals $1436 (col. 7) 
the oresent value of the salvage v^lue equals $59^4 (col. 9) and 
total life-cycle cost equals $38 , 277. ( col . 1 0 ) . Hence, over 20 
years the total life-cycle cost of the combined system is $11,918 
less than the cost of the conventional system and is, therefore, 
the preferred investment. 



Annu al Valae of Life-Cycle Costs 

An alternative to expressing life-cycle costs in present-value 
terms is to express them in annual-value terms, that is, as a 
stream of level annual costs extend i ng over a period equal in 
length to the period of analysis. The measure of annual value 
may be derived directly from the measure of present value by 
applying the uniform capital recovery factor. Expressed in 
annual-value terms, the life-cycle cost method is used exactly 
?as in present value life-cycle cost analysis to find the lowest- 
cost alternative f or accompl i shi ng a given objective. 

A formula for finding the total annual value AV of life-cycle 
costs of an energy system is: 

AV = c X PV . 

Where: AV = total annual-value life-cycle costs associated 
with a given energy system; 

c = the uniform capital recovery formul a , 

i/(j - (1 + i)"{] > 

PV = total presen t-val Qe , life-cycle costs, before 
taxes, associated with a given energy system. 
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Example of the Life-Cycle Cost Method in Annual -Value Dollars. . 

Table 28-2 illustrates the evstluation of the life-cycle cost of 
an investment in annual-value dollars. The present value of 
the total life-cycle costs of the two energy systems derived 
in Table 28.1 are here converted to annual -value equival ents 
using the equation for annual value of life-cycle costs. 

< 

TABLE 28.2 Hluftratlon of th« Ufe-Cycl« Costing Method in Annual-Vaiue Doii^rt* 





Period of 


Presrnt value of total 


Annual value equivalent of 


Type of energy system 


analysis 


costs, dollars 


total costs, t dollars 


(1) 


. (2) 


(3) 


(4) 


Soiiir/conviMitionai aynxilinTy 


20 . 


26.359 


3097 


Conventionu^ 


20 


38.277 


449b 



•Based on tUv hypothetical cost data and assumptions given in Tahle 28.1. 

iDtTived by Eq. (2«.l)i • e- W097 = $26,359 (0.1175). W498 = $38,277 (0.1175). where 0.U75 is the 
uniform capital recovery factor for a discount rale of 10% and 20 yean. 

' ♦ * ■ ■ . 

In annual-value dollars, the combined sol ar/conventi onal energy 
system costs $3097 (as compared with^the present-value equivalent 
of $26,359); the conventional system alone costs $4498 in annual- 
value .dol 1 ars (as compared with the present-value equivalent of 
* $38,277 ); and the combined systehi is shown aga^'n to be the least- 
cost system. ' 

Li fe-Cycle Cost Per Unit of Energy * 

A slightly different way of using. the lif6-cycle cost method to 
evaluate an investment in solar energy is to calculate and com- 
pare in annual-value dollars the 1 if e-cycl e cost per unit of 
energy delivered toX^a buildihg by alternative energy systems. 
If the assumptions are made that the conventional heating and 
cooling sy^stem is identical whether or not a solar energy system 
is added, and that t'he price, of conventional energy per unit 
purchased is constant with resnect to the quantity purchased, 
the calculations are simplified. In this case, the cost com- 
parison can be made -by first finding the life-Qycle costs in . ' 
annual-value dollars of the solar energy system, and dividt'ng 
this by the amount of energy expected to be supplied by the 
solar energy system , each year. That is, the life-cycle cost 
in annual-value dollars of, a unit of energy provided by <solar, 
US, m^y be calculated as follows: 

US = AVs/SES 

Where: US = the unit life-cycle costs in annual-value 
"dollars of solar energy; 

AVs = total life-cycle costs in annual -value dollars 
of the solar energy system; 

SES = amount of solar energy supplied annually"^, . 
Q ^ expressed in some uni% of measure such as 

gp^(^" ^2 joules/year or Btu/year. 
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The next steb is to derive the per-unit cost of supplying a unit 
of heating or coqlinn by conventional energy, UC. This may be 
found by the following equation: J 

SP. h A HPh h 

UC = — z b: + ~r z b^ c 

COP j=l F j=l " [ 

Where: UC = per-unit cost of supplying conventional energy, 
after the heating and/or cooling plant js in 
place; 

S '= energy for cooling as a fraction of total annual 
energy requirement; . 

Pq = purchase price per u^nit of e/ierqy for cooling 
(un-its sliouTd be consistent with the units,, in 
which solar energy costs are measured); 

COP = coefficient of performance of cooling equipment; 

b^ = a factor far finding the .present value of the 

price per unit of cooling energy in the jth year 

when it is , escal ati ng at a rate BqI^ 

♦ 

bj = (1 4> ec)/(l + i) 

H = energy for heating as a fraction of total annual 
energy requirements; 

P^ = purchase price per unit of energy for heating;- 

F - efficiency of the heating furnace expresses as 
a f racti on ; 

^ b|^ = a factor for firrding the present value of tJie 
price per unit of heating energy'in the jth 
year when it i§ escalating at a rate e^: 

• = (1 + e^)/i\ + i); J; 

c = the uniform capital recover factor: c=i/ l-(l+"i) 

By com^paring the 1 if e-cycl e cost i n ^annual -val ue dollars of a 
unit of energy supplied by the solar energy system, US, with the 
unit cost of conventional energy, UC, the type of energy with 
the^owest life-cycle cpsfcah be. i denti f i ed . 
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Example of the Life-Cycle Cost Per Unit of Energy Method 

Table 28.3 illustrates the use of this method for evaluating 
the cost-effectiveness of the^ same solar energy system used in 
preceding examples. If it is assumed that210 million Btu are 
supplied each year by solar energy (col, 6) and that the life- 
cycle cast of the solar energy system in annual -val ue^dol lars 
is $841 (col. 5), the equation for unit of energy provided t?y 
solar, US, can be used to derive the unit cdst l)f solar energy. 
The life-cyc?e cost per therm (1 00,000 Btu) of solar ener-gy 
supplied is fount! to be $0.40 (col. 7). this is lower than the 
cost per therm of $1,067 for conventional energy as derived by 
the equation for a unit of cqnventional energy, UC, (col. 8). 



TABLE 28.3 Illustration of th« Ufa-Cycl* Cost Msthod to Compars tha UnH Cost of Entrgy Suppllad by Altwnatlva Enargy Systamt* 



DifTcrcnttal 
investment cost of 
>olar. dolbrs 
(1) 


Annual value of 
lolar investment • 
cost.'* dollars 
(2) 


Savings in 
replacement costs 
salvage, dollars 


Annual value of net 
replacement cost 
savings/ dollars 
(4) 


Annual viilue of 
solar costs,'' 
dollars 

(5) 


Amount of solar 
energy supplied 
each year, Btu 
(6) * 


Annual cost per 
unit of solar energy 
supplied/ dollars 

(7) 


Leveltzed unit cost 
of conventional 
energy/ dollars 


8000 


940 


6000/15 year 
4000/20 year 


99 


84i 


r— 

21 X W 


0.40/10» Btu 
4.00/MM*Blu 


' 1,067/10^ Btu 
10.67/MM Btu 



Based on hypothetical cost data presented in Table 28.1 and 
derived by the equations for life-cycle cost per uoit of 
energy. Additional assumptions are that the initial cost 
of the solar auxiliary system j" s equal to the cost of the 
conventional system used alone, that the conventi onaV system 
lasts 5 years longer when used as an auxiliary, that the 
energy casts of the solar auxiliary system are $500, that the 
conventional system is powered by no. 2 fuel oil priced at 
$0.50/gal, and that the furnace efficiency is 0.5. - 
Derived using the uni f orm xapi tal recovery factor for a dis-' 
count rate of 10% and 20 years; i . O/f , $940 = $8000 ( 0 . 1 ] 7 5 ) . 
Derived usrng the s i ngl e-present-val ue factors for a discount 
rate of 10% and 15 years and 20 years and the uniform cap-ital 
recovery factor for 20 y ears r i . e . , $99 = $6000(0.2394) - 
$4000(>0. 1486) (0.1175). 

Derived by the equation for annual value of life cycle costs, 
combining the annual valu'e of investment cost and the annual 
vaULe of net replacement cost savings; i.e., $841 = $940 - $99. 
Derived by t^e equation for. unit .1 i fe-cycl e cost of solar energy 
i.e., $0^40/T05Btu = $841/21 x 10^ Btu. 

Derived by ttte equation for unit life-cycle (^ost of conven- 
tional energy ; i . e . , . -: 

/I + 0.05y 

j-1 U + o.ioj 



1 .067/10^ = (0.50/gal/0.5) 



(0.1175)/(r.4 tiierm/ 

rga.ir 
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Advan tages and Disadvantages of the Life-Cycle Cost Method 

This method is effective for determining if a, sol ar' energy system 
is expected to reduce the total life-cycle costs of the energy 
components of a building. It is also useful for determining 
the optimal sizing of a solerr energy system, by showing the 
impact of changes in investment size on lifetime costs. ^If 
total life-cycle costs are lower with a solar energy system than 
with a conventional system alone, the solar energy system is 
cost-effective. As long as life-cycle costs continue to decline 
as the size of the solar energy^ sys tem is increased, it pays to 
increase the size of the system, other things being equal. 

Theoretically the size of a project should be increased only as 
long as the return at the margin on that investment is equal to 
or greater than the return at the margin on competing invest- 
ments. ^How^ver, as a matter of practice, individual projects 
are often sized (scaled) apart from consideration of other pro- 
jects. Then projects of a predetermi ned des i gn and size, are 
compcired with one another. \ 

The life-cycle cost method is often used *for overall comparisons 
of aTternative building designs, for example, an energy-conserv- 
ing design versus a more conventional design. - • 

The life-cycle cost method, however, is no4; alwiiys effective for 
evaluating investments in solar energy relative to compe t i^ng in- 
vestments, because the method does not lend itself to ranking 
competing investments, in terms of their economic efficiency. 
Although the life-cy'cle cost measure indicates whether tdftal 
dollar owning and operating costs of a building are increased 
or decreased by an inves^ent in solar energy, it does not in- 
dicate the return on the investment dollar. 



Net^B eneVits Methods 

The/net benefits (savings) method is useful for converting the 
analysis of .an investment such as sol a^r. energy , which largely 
invollves costs, to a standard benefit-cost format involving 
both ^bWts and^ "Savings . Lifetime costs are subtracted from 
lifetime savings to derive net savings from the investment. 
As in the^case of computing total life-cycle costs, net savings 
may be expressed in either present-value or anni<ial -val ue dollars. 

The method involves the " same cost el emen ts and arri ves at ,the 
same conclusion ag^ the life-cycle cost method, but is formulated 
somew'hat differently. 



Prese nt Vafue of N^t Savings 

^ • * ■ ■ 

A formula derived from, the present ^val ue of life-cycle cost 
method by differencing for calculating net savings in present- 
vajfcic dollars, PNS, from a solar energy rnvesttnent is: ^ 



/ 
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PNS = 



Where : 



I ■ f 
k=l j=l 



(P^AQi^bJ ) (-uj - jjAl - AVpa")- E^aJ(AMj+ARj 




present value of net dollar savings; 
change attributable to' solar energy; • 

,the initial! price of the kth type of- convent i onal 
energy for energy types k = 1 to H; 

the quantity required of the kth type of conven- 
tional ^nergy (equipment efficiencies should be 
taken into account in calculating Qj^); 

a formula for finding the present value of an 
amount in the jth year, escalated at^a rate e|<, 
where k denotes the kth type. of energy, and dis- 
co gyfited at a rate d; i.e., bJ = (l+e|<j)/(l+d) J; 



I = 



first costs associated with the ^nergy system, 

r«cl U<li ng design, purchase, installatiah, building 

modification, and the value of useful building 
space lost; * • 



residual of* salvage value at year 
ye.ar in the evaluation; 



the last 



the single- 
designated 
I.e., a5^ = 



present-value 
year from j=l 
(1 + d)-J; 



formula computed far a 
to n and discount rate d- 
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Mj = maintenance 



costs i n y e a r j 



R j. = repa i r 



and replacement costs in year j 



This formula allows for the aval uati on of a solar energy plus 
auxiliary system in direct comparison with a conventional 
energy system. It calculates the net difference between the 
present value of energy savings due to the solar energy system 
anjl the differential investment, maintenance, repair, and re- 
placement costs attributable to the solar energy system. 



Exampl e of the 




enefits (Savings) Method i n . Present-Value Dollars 



Table 2a<^4 TTlustrates this method in a simple example, based 
on the/same costs and assumptions used in the example for the 
^^'f^.^yc^e cost periunit of energy. The solar energy system is 
assupied to cos't $8OO|0 more than the conventional system, to 
save $1500 annually |in energy ^costs (valued in base-year dollars), 
and to last 20 yeara--5 years^ longer than the conventional system- 
without a major pepl|acement . The present value of energy savings 
over the 20 year^ equals $19 ,077 (col. 4). The present; value ' 
of the savings in net replacement costs owing to the^ expected 
5-year longer life of the conventional system when paired with 
a solar system equals $841 (cbl,5). Net savings from tWe invest- 
ment i^ solar energy are, theref orej,$l 1 ,91 9 (col. 6). 
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TABLE 28.4 Illustration of tti« HtX B«n«lit* (Savings) Method In Prasant-Valua Dollar*' 



Prnod of 
analysis. 
e years 

(1) 


Differential 

solar 
investment 
costs, dollars 

(2) 


Base -year 
energy cost 
savings, 
dollars 

(3) 


Pre sent -value 
energy 
savings, 1 
dollars 
(4) O 


Present value 

of net 
replacement * 
cost savings, t 
dollars 
V (5) 


Nft present' 
value saving { 
dollars 
(6) 


20 


8000 


1500 


19,077 Y 


841 





*Ba5ed on the hypothetical cost data and assumptions given in Table 28.1. 

t£)erived using the uniform-present-value formuU including a factor for fuel price escalation, i.e.. 



$19.0f77 ^ 1500 X 



U +0.10/ 



t $841 =$6000(0.2394) - $4000(0.1486). 

{ Derived by the equation for persent value of net. savi ngs ; « 
i.e., $11,918 = $19,077 - $8000 + $841,, 

Annual Value of Net Savings 

Measured in annual-value dollars, the net benefits (savings) 
method finds the difference between the additional annual costs 
associated with a solar energy system and the annual savings 
expected to result from it. This can be done by applying the 
appropriate discount formula to the net present value of savings. 
The resulting formula is: • « 

ANS = c X PNS- 

Where: ANS = net annual savings; 

PNS = present value of net dollar savings; • 

c = the uniform capital recovery factor, i/ [l-(l+i)-5. 

Converted to an annual-value basis (c = 0.1175), the present- 
value savings of $11,918 from the preceding sample problem, 
equals $1400. This means that a savings of $1400 per year for 
20 years (in constant dollars) is equivalent in value to a 
savings of $11,918 realized now. 



Advantages and Disadvantages of Net Benefits Methods 

The net benefits (savings) method has essentially the same 
advantages and disadvantages as the life-cycle cost method. 
In fact, the two methods are generally interchangeable. 



Benefi t/Cost Ratio Methods ' • • 

Because the benefits of investing in solar energy are in terms 
of cost savings, a version of the benefit/cost ratio (B/C) 
method known as the s avi ngs-to- i nves tment ratio (SIR) method 
is often used to evaluate solar energy investment. Like 1^he 

Er|c . , 87 ' 
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life-cycle cost and net benefit^ methods, this method is based 
on discounted cash flows. The sfiR method, however, expresses 
savi'ngs and investment costs as/a ratio rather than as a dol 
lar amount. 



■ SavingS"To-Investment Ratio * 

The formula for computing SIR for an investment in -solar energy 
based on costs and savings expressed in present-value terms 
(alternatively, apnual-value cost may be used) is: 



SIR^ = 



H n . n . 

Z I CpLAQi.b'^ ) - E aJ (AM.- 
=1 . J=l j=l 



AVna 



•H 



Where: SIR 



Pk = 



net discounted savings attributable to solar 
energy, as a ratio to solar investment costs; 

the initial price ofH4ve kth type of conventional 
energy for energy types k = 1 to H;> 



A 

Qk 
bJ 



= change attributable to so 



energy 



I. a 



the quantity required of the kth type of conven- 
tional "energy (equipment efficiencies should be 
taken into account in calculating Q|^)? 

a formula for finding the present value of an amount 
In the jth year , escalated at 'a rate e^, whe.re 'k 
denotes the kth type of-.eneray, and (Jiscounted at 
a rate d; i.e., bJ = , [( 1 +ek )/ ( 1 +dlj J ; 

the single-present-value formula computed for a 
designated year from j = 1 to n and discount rate^ 
d; i .e. , aJ = (l+d)"J ; 

maintenance costs in year j; 



Rj= .repair and replacement costs in year j; 

I = total first costs associated with the energy' systems, 
including design, purchase, installation, building 
modification, and the value of useful building space 
lost; 

Vp = residual or salvage value at year n, the last year 
i n the eval uati on . \ ' 

The placement of certai n costs in the numerator rather than- in 
the denominator of the SIR is largely an arbi trary deci s i on . . 
Xhe SIR equation above shows all recurring costs, including re- 
placement costs in the numerator, and i nves tment or fihst costs • 
less salvage value in the denominator/ 
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An alternative is to add the present value of replacement costs 
to first costs in the denominator. A rationale for the approach 
taken here--that of the including replacement costs with other 
recurring costs in the numerator--i s that it avoids possible 
confusion over what are repair costs and- what are renewal costs 
of the investment. While this distinction is not important in 
evaluation of single solar energy installations, it may cause 
inconsistent measures when the SIR is used to evaluate and 
compare multiple installations, unless a consistent treatment 
is f 0 1 lowed . 

The acceptance criteria for an investment lAsing the SIR method^ 
are: / 

(1) that the savi ngs-to-i nvestment ratio be equal to or greater 
than 1 , both for the total investment and for the last incre - 
ment i n i nves tment costs ; 

(2) that the systerti be expanded in size as long as the ratio for 
tfie last increment in the investment is greater than 1.0, 

,and is equal to or greater than the ratio at the margin for 
'the next best i nves tment opportuni ty . 

If there is no budget constraint, it pays to expand the solar 
energy system to the point that the ratio for the last incre- 
ment of the investment equals 1.0. Because the SIR ratio tends 
to fall as an investment in solar energy is expanded, a larger, 
more efficiently sized version of a given project may have a 
lower SIR for the total investment than a smaller, less efficient 
versio^n of the same project. 

Example of the Savi ngs-To-Investment Ratio Method - 

Table 28.5 illustV-ates the SIR method of, eva 1 ua ti ng an invest- 
ment in solar energy. ^ 

TABLE 28.5 llluttrstion of th« SIR Msthod* 



SoUr energy Present value Present value of 

savin{^ in of energy net repliicement 

base-year savings.^ cost savings, t 

dollars dollars dollars 

(1) (2) (3) 

1500 19.077 H4I 





SIR 


SIR denominator 




nunnerator 


(differential 




1(2) + (3)1, 


investnnent cost). 


SIR 


dollar^ 


dollars 


ratio 




(5) 




19,918 


8000 . 


2.5 



* Based on hypothetical cost data presented in Table 28.1 and 

derived by the equation for savi ngs-to-i nv^ tment ratio 
+ Derived in Table 28.4, col . 4 
t Derived in Table 28.4, col. 3 



The initial yearly energy savings from the solar energy system 
of -$1 500 amounts to $1 9,077 over the 20 year's when expressed 
in present-value dollars. To this ^imount is added the net 
present-value savings in replacement costs real i zed because 
of the assumed longer life of the conventional auxiliary system 

. . ■ S3 
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when it is paTired with the solar energy system, [if maintenance, 
repair, and replacement costs had been assumed to be higher with 
the solar energy system than without it (e.g.» AM, >0), the 
present-value increase in these costs would have been subtracted 
from the energy savings in the * numerator of the SIRJI 

The net replacement cost saved is equal to the present value of 
of the $6000 of . replacement cost that would otherwise be incurred 
in 15 ye/rs (i.e., $1436), less the present value of the salvage 
value thSit woul d hay e b'een realized from the replacement at the 
end of t hV---^41_>e a r lime horizon {V.ec^, $595). Thus the numerator 
of th-e SIR is equal to $19,918, the denominator is equal to 
$8000 and the SIR is 2.5. This indicates on the average a $2.50 
return per investment dollar over the^life cycle. 

Advan tages and Disadvantages of t>ie Savings-To-Investment Ratio Method 

Like the life-cycle cosft method and the net savings method, the 
savi ngs- to-i nves tment ratio method offers the advantage of pro- 
viding a comprehensive measure of profitability of an investment 
over its expected life. It offers an advantage over these other 
two methods by providing a measure which can be compared with 
comparable measures for competing independent projects to de- 
termine the most prof i tabl e group of investments available to 
the investor. That is, it_i^£ useful method for ranki ng an 
investment's prof i tabi 1 i ty relative to other pro j ect s . At the 
same time, it is generally less suitable than the other two 
methods for determining the optimal size of a project, because 
the SIR tends to fall as investment size increases. To use the 
measure for sizing projects, it is necessary to compute and com- 
pare the SIR for increments in investment size. 

Internal Rate of Return Method 

The internal rate of return method calculates the .rate of return 
an investment is expected'to yeild. Unlike the , other methods, 
the internal rate of return method does not call foV the dis- 
counting of cash flows on the basis of a p,respeci f i ed discount 
rate. Rather, the method solves for that rate of interest which 
when used to discount both costs and savings will cause the two 
to be equal,, resulting in a net savings of zero. The rate of 
return i? generally calculated by a tri al -and-error process by 
which various rates of interest are used to discount cash flows 
until a rate is found for which the net value of the investment 
i s zero . . ' 

The internal rate of return method may be described algebraically 
as follows: given values of other parameters, find the value of 
i ^that sati sf 1 es ithe equa\^ion : * , 
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k=l 



n 

I (P|,AQk)bJ 
k=l 



(AI - AVpa") + Z (AM 



Where: i = 



A 
Qk 



R 



the compound rate of. interest which when inserti^ed 
in the express ions bJ and a^ solves the equation; 
this value of i is the internal rate of re!urn on 
the investment; 

t'he initial price of the kth type of conventional 
energy for energy types k = 1 to H; 

change attributable to solar energy; 



the quantity required of the kth type 
energy (equipment efficiencies should 
account in calculating Qk)i 



co^nventi onal 
taken into 



b'^ = (1 + + d)J = a formula for finding the present 

value of an amount in the jth year, escalated at a 
rate e|^, where k denotes the kth type of energy and • 
discounted at a rate d; 



total first costs 
including design, 
modi f i cation, and 
lost; 



associated with the energy system, 
purchase, installation, building 
the value of useful building space 



residual or salvage value 
in the evaluation; 



at 



year n , the 1 as t year 



a = 



the single-present-value formula computed for a 
designated year- f rorp j = 1 to n and discount rate d; 
i.e., aJ = (1 + d)"J; . 

maintenance ^osts in J '» ^ 

repair and replacement costs in year* j . 



The economic efficiency criteribn for accepting an investment 
based on the internal rate of return method is that the calcula- 
ted rate of return be equal to or larger than the investor's 
minimum attractive rate of return-' The method can be used to 
compare the return on an investment in solar energy with the 
returff on investment alternatives, in order to maximinze the 
return from a given budgetX The selection criterion is to 
choose individual investments in descending order of their 
expected rates of return, as long as the rates of 
equal to or exceed the minimum attractive rate* of 
the total budget is exhausted. JJ^e criterion for 
method to determine the most economical size of a 
system is to increase the size of the system as long a^ the rate ^ 
of return on each i nves tment -ghcrement is greater than the inves- 
tor's minimum acceptable rate of return. 



return^ are 
return, until 
using this 
solar energy 
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Example of the Internal Rate of Return Method 

Table 28.6 shows the calculation of the internal rate of return 
method for the sample hypothetical data that was usej^to illus- 
trate the other life-cycle costing evaluation methods. 

TABLE 26.6 Illustration of th« InMmal Rat* of Ratum Method' 



Trial 
interest 
rates 

. (1) 


Solar differential 
investment cost, 
dollars 

(2) 


Present value of 
energy savings, t 
dollars 

(3)' 


Present value of 
net replacement 
cost savings. \ 
dollars 

' ' (4) 


f^et present value 
based on the trial 
interest rates. § 
dollars 

(5) 


20 


8000 


9773 


285 


2058 


25 


8000 


7634 


165 


-201 


By interpolation. 


i = 0.20 + 0.05 


||Q58 + 201)1 




= 0. 


i = 0.246, the interna 


TWrof return on the investment for NPV 



Based on hypothetical cost data presented i n\Tabl e 28.1 >rid 
derived by the equation for internal rate of return. 
Based on base-year savings of $1500 and derived using the 
uni f orm-pres ent-VBJ-ue formula with a fagtor for fuel escala- 
tion, for an interest rate first of 20%- and then of 25%. 
Derived by applying to the repl acement^os t and salvage )/alue 
the appropriate single pres ent- va 1 ue factors 'for an 'interest 
rate first of 20% and then of .25% ; . i . e . , f or i = 0.20, $285 = 
$6000(0.0649) - $4000 (0.0261^; for i = 0.25, $165 = $6000 
(0.0352) - $4000(0.0115) . 

$2058 = $9773 - ($8000 - $285); - $201 = $7634 - ($8000 



$165) 



By trial and error it is found that the investment saves $2058 
when evaluated with a 20 percent interest rate, but loses $201 
when evaluated with a 25 percent interest ra^te. It therefore 
may be concluded that tkie rate of interest which will^equate 
the total of savings and costs to zero lies between 20 and 25 
percent. As shown in' the table, interpolation can be used to . 
determine that the internal rate of return is 24.6 percent. If ^ 
this rate is greater than the investor's mifilmum aittractive rate 
^of return, the investment is economically airtractive. 

/. 

Advant ages and Disadvantages of the Interrial Rate of^Return Method 

The i nternal rate of return method shares wi th the 1 i f e-cytl e 
cost, net benefits, and benefit/cost ra ti o methods^ the advan- 
tage of providing a comprehensive evaluation o"f an investment 
in sol ar energy . A unique character i s ti c of thi Sv m"fethod , whi ch 
might sometimes be an advantage, is the lack of necessity to 
specify the discount rate. However, it is necessary to have 
an estimate of the mi nimai ly attractive rate of return against 
which the calculated internal rate of return can be compared 
to decide the desirability of the investment. , 

The method has several possible disadvantages. Under certain, 
circumstances there may be either no determinable solution or 
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multiple solutions^. However, this problem will probably be 
rare in evaluating solar energy systems. As in the case of 
the savi ngs-to-i nvestment ratio method, a problem may arise 
in using the internal rate of return method to determine the 
economically efficient size of a solar energy system. As an 
investment is expajided, the rate of return on the overall in- 
vestment may fall, -but the rate of return pf the additional 
investment may nevertheless be above the minimum attractive 
rate of^^urn. As in the other case, however, tiiis problem 
can be dflPtomp by usi/ig the internal rate of ret/irn method 
to analyze incremental changes in the i nves tmenf/rather than 
the total investment: Ljke the savi nas-to-i nvestment ratio" 
method, this method has the advantage of indicating the rela- 
tive efficiencies of al terna ti ve * i nves tment s>. It therefore 
may be. useful in comjDarlng solar energy with other investment^ 



opti ons . 
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APPENDIX 

Tables of Interest Factors for Discrete Compounding Feriods 
8% Interest • • _ 

10% Interest 

Interest ' 
1§% Interest . • 

20% Interest ' ' . 

25% Interest ' • . • • 

A Wo rksheet Example for Net Benefits Life-cycle Costing » 
Step 1 A 
Step 2 A 
Step 2 B 

^LCA-1 ' ° 

LCA-2, 

LCA-3 » ^ ■ 

4 

Figure 4 (Repayment on Loan) 
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TABLE Z 8% Inttrett Factors for DItcrett Compou 



I Ptrtodt 





Single payment 




^ Unifonn 


series 










Compound 


Present 


Capital, 


Present 


Sinking 


Compound 


Gradient 






* amount 


worth 


recovery 


worth 


fund 


atlnount 






factor 


factor 


factor 


factor 


factbr 


factor 






.V 


{FIP, 8. *V) 


(P/F, 8. N) 


\A/P, 8. N 


(PM. 8. N) 


(A/F. 8, N) 


(f M, 8, N) 


(A/G. 8, N) 





1 


I.OqOO 




i.o8oa 


. .9259 


1.0000 


l.OOOO 


.0000 


1 


2 


/ . 1.1664 


.85734 


.56077 


1.7832 


.48077 


2.0799 


.4807^ 


2 


3 


i , 2597 




.38803 


2.5770 


.30604 


3.2463 


.9487 


3 


4 


1 3604 


.73503 


30192 


3.3121 


.22192 


4.50j60 


1.4038 


4 


5 


1.4693 


68059 


.25046 


3?9926 


.17046 


5.8665 


1.8463 


5 


6 


1.5868 


.63017 


,21632 


4.6228 


.13632 


7.3358 


2.2762 


6 


7 


1.7138 


.58349 


.19207 


5.2063 


.11207 


8.9227 


2.6935 


7 


8 


1.8509 


.^027 


.17402 


5.7466 


.'69402 


10.636 


3.0984 


8 




1.9989 


.50025 ' 


.16008 


6.2468 


.08008 


12.487 


3.4909 


9 


10^ 


2.1589 


46320 


.14903 


6.7100 


.06903 


14.486 


3.8712 


10 


11 


2.3316 


.42889 


.14008 


7. 1389 


.06008 


' 16.645 


4.2394 


11 


12 


2.5181 


.39712 


.13270 


7.5360 


.05270 


18.976 


4.5956 


12 


13 


2.7196 


.36770 


• .12642 


7.9037 


.04652 


21.495 


4.9401 


13 


14 


2 9371 


.34046 


12130 


8.2442 


.04130 


24.214 


5.2729 


14 


IS 


3 1721 


.31524 


.11683 


8.5594 


.03683 


27.151 


5^5943 


15 


16 


3.4259 


.29189 


.11298 


. 8.8513 


.03298 


30.323 


5.9045 


16 


17 


3.6999 


. 27027 


.10963 


9.1216 


.02963 ' 


33.749 


6.2036 


17 


18 


« 3.9959 


.25025 


.10670 


9.3718 


.02670 


37.449 


6.4919 


18 


19 


4.3156 


.23171 


.10413 


9.6035 


.02413 


41.445 


6. 7696 


19 


20 


4.6609 


.21455 


.10185 


9.8181 


.02185 


45.7^1 


7.0368 


20 


^1 


5.0337 


. 19866 


.09983 


10.016 


.01983 


50.422 


7.2939 


21 


22 


5.4364 


. 18394 


09803 


10.200 


.01803 


5S.455 


7.5411 


22 


23 


5.8713 


. 17032 


.09642 


10.371 


.01642 


60.892 


7.7785 


23 


24 


6 3410 


15770 


.09498 


10.528 


.01498 


66.763 


8.0065 


24 


25 


6.8483 


.14602 


.09368 


10.674 


.01368 


73.104 


8.2253 


25 


26 


7.3962 


.13520 


.09251 


10.809 


.01251 


79.953 


8.4351 


26 


27 


7.9879 


.12519 


.09145 


10.935 


.01145 


87.349 


8.6362 


27 


28 


8.6269 


.11592 


.09049 


11.051 


.01049 


95.337 


8.8288 


28 


29 


9.3171 


.10733 


08962 


11.158 


.00962 


103.96 


9.0132 


29 


30 


10 062 


.09938 


.08883 


11.257 


.00883 


113.28 


•^9.1896^ 


30 


31 


10.867 


.09202 


.08811 


11.349 


.00811 


123.34 


9.3583 


31 


32 


11 736 


.08520 


.08745 


11.434 


.00745 


134.21 


9.5196 


32 


33 


12.675 


.07889 


.08685 


11.513 


.00685 


145.94 


9.6736 


33 


34 


13.689 


.07305 


.08630 


11.586 


.00630 


158.62 


9.8207 


34 


35 


14.785 


. .06764 


.08580 


11.654 


.00580 


172.3.1 


9.9610 


35 


40 


21.724 


.04603 


.08386 


11.924 


.0038^ 


259.05 


10.569 


40 


45 


31.919 


.03133 


.08259 


12.108 


.00259 


386.49 


11.044 


45 ' 


50 


46 900 


.02132 


.08174 


12.233 


.00174 


573.75 


11.410 


50 


35 


68.911 


01451 


.08118 


12.318 


.00118 


848.89 


11.690 


55 


60 


101 25 


.00988 


.08080 


12.376 


.00080 


1253.1 


11.901 


60 


65 


148.77 


.00672 


.08054 


12.416 


.00054 


1847.1 


12.060 


65 


70 


218.59 


.00457 


:080:i7 


12.442 


.00037 


2719.9 


12.178 


70 


75 


321.19 


.j)0311 


.08025 


12.461 


.00025 


4002.3 


12.265 


75 


80 


471.9-5 


.00212 


.08017 


1^.473 


00017 


5886.6 


12.330 


80 


85 


693.42 


00144 


.08012 


12.481 


.00012 


8655.2* 


12.377 


85 


90 


10188 


.00098 


08008 


12.487 




12.723.9 


12.411 


90 


95 


1497.0 


,00067 


.08005 


12491 


.00005 


18.701.5 


12.436 


95 


100 


2199 6 


.00045 


.08004 


12 494 


.00004 


27.484.5 


12.4S1 


100 


7^ 



,9 



TABLE ^ 10% lnt«r«st Factors for Dtscrste Compounding Periods 



Single paymcRt Uniform series 





Compound 


Present 


Capital 


Present 




Sinking 


Compound 








amount 


worth 


recovery 


worth 




fiind 


amount 


Gradient 






Bictor 


factor 


factor 


factor 




Eictor 


factor 


factor 




N 


{F/P. 10, N) {P/F, 10, N) (A/P, 10. N) (P/A, 10. N) {AfF. 10, N) {F/A, 10. N) {A/G. lO, N) 




1 


^ 1.1000 


.90909 


1.1000 


: ' .9091 




i.booo 


'l.OOO 


.0000 


1 


2 


1.2100 


.82645 


.57619 


1.7355 




.47619 


2.0999 


.4761 


' 2 


3 


1.3310 


.75132 


.40212 


2.4868 




.30212 


3,3099 


.9365 


'3 


4 


1.4641 


.69302 


.31547 


3. 1698 




.21947 


4.6409 


1.3810 


4 


5 


1.Q105 


.62092 


.26380 


3.7907 




.16380 


. 6.1050 


, 1.8100 


5 


D 


1.7715 


.56448 


.22961 


4.35^2 




.12961 


7.7155 


2.2234 ' 




7 


1.9487 


.51316 


.20541 


4.8683 




.10541 


9.4870 


2.6215 


J 


8 


2.1435 


.46651 


. 18745 


5.3349 




.08745 


11.435 


3.0043 


b 
O 


9 


2.3579 


42410 


.17364 


5.7589 




.07364 


13.579 


3.3722 


9 


10 


2.5937 


.38555 


. 16275 


6.1445 




.06275 


15.937 


3.7253^ 


■10 


'i 1 
11 


2.8530 


.35050 


.15396 


6-4950 




.05396 


18.530 


4.0639 


11 


19 
1^ 


3.1384 


.31863 


.14676 


6.8136 




.04676 


21.383 


4.3883 


12 


13 


3.4522 


. 28967 


. .14078 


7.1033 




.04078 


24.522 


4.6987 


13 


14 


3,7974 


.26333 


.13575 ' 


7.3666 




.03575 


27.974 


4.9954 


14 


15 


4.1771 


.23940 


13147 


7.6060 




.03147 


31.771 


5.2788 


' 15 


ID 


4.5949 


.21763 


.12782 


7.8236 


J 


.02782 


35 949 


5.5492 


16 


17 
1 f 


5.0544 


.19785 


.12466 


8.0215 




.02^ 


40.543 


5.8070 


17 


18 


5.5598 


.17986 


.12193 


8.2013 




.02193 


45.598 


6.0524 


18 


19 


6.1158 


.16351 


.11955 


8.3649 




'.01955 


' 51.158 


6.2860 


19 


20 


6.7273 


.14865 


.11746 


8.5135 




.01746 


^ 57.273 • 


6.5080 


20 


Q1 


7.4001 


.13513 


.11562 


8.6486 




.01562 


64.001 


6.7188 


21 




.,8.1401 


.12285 


.11401 


8.7715 




.01401 


71.401 , 


6.9188 


22 


23 


8.9541 


.11168 


.11257 


8.8832 




.01257 


79.541 


7.1084 


23 


24 


9. 8495 


.10153 


.11130 


8.9847 




.01130 


88.495 , 


7.2879 


24 


25 


in fi'%A 




. 11017 


9.0770 




.01017 


9^.344 


7.4579 


25 


26 


11.917 


.08391 


.10916 


9.1609 




.00916 


109.17 


7.6185 


26 


27 


13.109 


.07628 


.10826 


9.2372 




.00826 


12L09 


7.7703 


27 


28 


14.420 


.06935 


.10745 


9.3065 




.00745 


134.20 


7.9136 


28 ' 


29 


15.862 


.06304 


.10673 


9.3696 




.00673 


148.62 


8.0488 


29 


30 


17.448 


.05731 


.10608 


9.4269 




.00608 


164.48 


a 1761 


30 


31 


19.193 


.05210 


.10550 


9.4790 




.00550 


181.93 


8.2961 


31 


32 


21.113 


.04736 


.10497 


9.5263 




.00497 


201.13 


V8.4G^ 


32 


33 


23.224 


.04306 


.10450 


9.5694 




.00450 


222.24 


V5151 


33 


34 


25.546 


03914 


.10407 


9.6085 




.00^07 


. 245.46 


8^6149 


t34 


35 


28. 101 


.03559 


.10369 


9.6441 




.00369 


271.01 


8.7085 


35 


40 


45.257 


.02210 


.10226 


9.7790 




.00226 


442.57 


9.09€!2 


40 


45 


72.887 


.01372 


.10139 


9.8628 




.00139 


718.87 


9.3740 ,^ 


45 


50 


117.38 


.00852 


.10086 


9.9148 




.00086 


1163.8 


9.5704 


50 


55 


189.04 


.00529 


.10053 


> 9.9471 




.00053 


1880.4 


9.7075 


55 


60 


304.46 


.00328 


.10033 


9.9671 




.00033 


3034.6 


9.8022 


60 


65 


490.34 


.00204 


.10020 


9.9796 




.00020 


4893.4 


9.8671 


65' 


70 


789.69 


.00127 


.10013 


9.9873 




.00013 


7886.9 


9.9112 


70 


75.. 


1271.8 


^00079 


.10008 


9.9921 




.00008 


12,709.0 


9.9409 


75 


80 


2048.2 


.00049 


.10005 


9.9951 




.00005 


20,474.0 


9.9609 


80 


85 


3298.7 


.00030 . 


.lOOOCt 


9.9%9'^ 




.00003 


32,979.7 


9.9742 ^ 


85 




5312.5 


.00019 


.10002 


9.9981 




.00002 


- 53,120.2 


9.9830 


90 


95 


8555.9 


.00012 


-10001 


d.998d 




.00001 


85,556.8 


9.9889 


95 


100 


13,780:6 


.00007 


.10001 . 


. 9.9992 




.00001 


137,796.1 


9.9927 


100 
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Tabit 4 12% lnt«r«st Factort for Dltcrttt Compounding Ptrlods 



Single payment 



Uniform series 



Compound Present Capital Present SinkinK Compound 
amount worth recovery worth (und amount Gradient 

factor factor • factor factor factor factor factor 



N {¥!?, 12. N) (P/F. 12. N) (A/P. 12, N) (P/A. 12. N) (A/F, 12. N) (F/A. 12. N) (A/G. 12. N) N 



1 

2 
3 
4 
5 

6 
7 
8 
9 
10 

11 

12 
13 
14 
15 

16 
17 
18 
19 

^ 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

32 
33 
34 
•35 

40 
45 



1.1200 
1.2544 
t.4049 
1.5735 
1.7623 

1.9738 
2.2106 , 
2,4759 
2,7730 
3.1058 

3.4785 
3 8959 
4.3634 
4.8870 
5.4735 

6.1303 
6.8659 
7.6899 
8.6126 
9.6462 

10.803 
12.1(X) 
13.552 
15.178 
16.999 

19.039 
21.324 
23.883 
26.749 
' 29.959 

33.554 
37.581 
42.090 
47.R1 
52.798 

93.049 
163.98 
288.99 



.89286 
.79719 
.71178 
.63552 
.56743 

.50663 
.45235 
.40388 
.36061 
,32197 

.28748 
,25668 
.22918 
.^0462 
.18270 

.16312 
.14565 
.13004 
.11611 
.10367 

.09256 
.08264 
.07379 
.06588 
.05882 

.05252 
.04689 
,04187 
.03738 
.03338 

.02980 
.02661 
.02376 
.02121 
.01894 

.01075 
.00610 
,00346 



1.1200 
.59170 
.41635 
.32924 
.27741 

/;%24323 
".21912 
.20130 

* .18768 
.17698 

.16842 
.16144 
.15568 
.15087 
.14682 

.14339 
.14046 
.13794 
,13576 
.13388 

.13224 
.13081 
.12956 
.12846 
.12750 

.12665 
.12590 
.12524 
.12466 
J2414 

.12369 
.12328 
.12292 
.12260 

• .12232 

.12130 
.12074 
.12042 



.8929 
1.6900 
2.49I8 
3.0373 
3.6047 

4.1114 

4.5637 
4.9676 
5.3282 
5.6502 

5.9376 
6.1943 
6,4235 
6.6281 
6,8108 

6.9739 
7,1196 
7.2496 
7.3657 
7.4694 

7.5620 
7.6446 
7.7184 
7.7843 
7.8431 

7.8956 
7.9425 
7.9844 
8.0^18 
8.0551 

8.0849 
8.1116 
8.1353 
8.1565 
8.1755 

8.2437 
8.2825 
8.3045 



l.(fo00 
.47170 
.29635 
.20924 
.15741 

.12323 
.09912 
,08130 
.06768 
.05698 

.04842 
.04144 

.03^ 
.03087 
.02682 

.02339 
.02046 
.01794 
.01576 
.01388 

.01224 
,01081 
,00956 
.00846 
.00750 

.00665 
.00590 
.00524 
.00466 
.00414 

.00369 
.00328 
.00292 
.00260 
.00232 

.00130 
.00074 
.00042 



1.0000 
2.1200 
3.3743 
4.7793 
6.3528 

8.115 
10.088 
12.299 
14,775 
17.548 

20.654 
24.132 
28.028 
32,392 
37,279 

42,752 
48,883 
55.749 
63.439 
72.051 

81.698 
92.501 
104.60 
118.15 
133.33 

150.33 
169.37 
190,69 
214,58 
241.32 

271.28 
304.84 
342.42 
384.51 
431.65 

767.07 
1358.2 
2399.9 



.0000 
.4717 
.9246 
1.3588 
1.7745 

?.1720 
2,5514 
2.9131 
3.2573 
3.5846 

3.8952 
4.1896 
4.4682 
4.7:^16 
4.9802 

5.Sil46 
5.4352 
5.6427 
5.8375 
6.0201 

6.1913 
6.3513 
6,5009 
6.6406 
6.7708 

6.8920 
7.0049 
7U097 
7.2071 
7.2974 

7.3810 
7.4585 
7.5302 
7.5964 
7.6576 

7.8987 
8.0572 
8.1597 



? 1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

40 
45 

50 
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TABtE .5 15% Inttrtst Factors for Diicrttt Compounding Ptrlodi 



Single payment 



Uniform series 





Compound 


Present 


Capital 


Present 


Sinking 


Compound 








amount 


worth 


recovery 


worth 


fund 


amount 


Gradient 






fiu:tor 


&ctor 


fiactor 


factor 


factor 


fiictor 


factor 




N 


(F/P, 15, S) iP/E. 15, N) {A/P, 15, N) {PIA, 15, N) {A/F. 15, S) {F/A, 15. A/) (A/G, 15 N) 


N 


1 


1.1500 


.86957 


1.1500 


.8696 


1.0000 


1.000 " 


.0000 


1 


2 


1.3225 


.75614 


.61512 


L6257 


.46512 


2^.1499 


.4651 


2 


3 


1.5208 


.65752 


.43796 


2.2832 


.28798 


3.4724 


9071 


3 


4 


1.7490 


.57175 


o .35027 


2.8549 


.20027 


4!9933 


1.3262 


4 


5 


2.0113 


.49718 


.29832 


3.3521 


.14832 


6.7423 


1.7227 


5 


6 


2.3130 


.43233 • 


.26424 


3.7844 


.11424 


8.7536 


2.0971 


6 


7 


2.6600 


.37594 


.24036 


4.1604 


.09036. 


11.066 


2.4496. 


7 


8 


n neon 




.22285 


4.4873 


.07285 


13 726 


2 7813 


8 


9 


3.5178 


.28426 


!20957 


4.7715 


.05957 


16.785 


3^0922 


9 


10 


4.0455 


.24719 


.10925 


5.0187 


.04925 


20.303 


3.3831 


10 


11 


4.6523 


.21494 


.19107 


5.2337 


.04107 


24.349 


3.6549 


11 


12 


5.3502 


.18691 


.18448 


5.4206 


.03448 


29.001 


3.9081 


12 


13 


. 6.1527 


.16253 


.17911 


5.5831 


.02911 


34^351 


4.1437 


13 


14 


7.0756 


.14133 


.17469 


5.7244 


.02469 


40^504 


4.3623 


14 


15 


8. 1369 


.12200 


.17102 


5.8473 


.02102 


4l579 


4.5649 


15 


16 


9.3575 


.10687 


.16795 


5.9542 


.01795 


55.716 


4.7522 


16 


17 


10.761 


.09293 


.16537 


6.0471 


.01537 


6<5.074 


4.9250 


17'^ 


18 


12.375 


.oaosr 


.16319 


6.1279' 


.01319 


75.835 


5.0842 


18 


19 


14.231 


.07027 


.16134 


6.1982 


.01134 


68.210 


5.2307 


19 


20 


16.366 


.06110 


,15976 


6.2593 


.00976 


102.44 


5.3651 


20 


21 


18.821 


.05313 


.15842 


6.3124 


.00842 


118.80 


5.4883 ' 


21 


2^ 


21.644 * 


.04620 


.15727 


6.3586 


.00727 


137.62 


5.6010 


22 


23 


24.891 


.04018 


.15628 


6.3988 


.00628 


159.27 


5.7039 


23 


24 


28.624 


.03493 


.15543 


6.4337 


^ .00543 


184.16 


5.7978 


24 


25 


32.918 


.03038 


.15470 


6.4641 


.00470 . 


J212.78 


5.8834 


25 


26 


37.856 ^ 


.02642 


.15407 


6.4905 


.00407 


1245.70 


5.9612 


26 


27 


43.534 > 


.02297 


.15353 


6.5135 


.00353 


283.56 


6.0318 


27 


28 


50.064 


.01997 


.15306 


6.5335 


.003Q6 


327.09 


6.0959 


28 


29 


57.574 


.01737 


.15265 


6.5508 


.00265 


'377.16 


6.1540 


29 o 


30 


66.210 


.01510 


.15230 


6.56^9 


X- .00230 


1 434.73 


6.2066 


30 


31 


76.141 


.01313 


.15200 


6.5791 


.00200 


1 500.94 


6.2541 


31 


32 


87.563 


.01142 


' .15173 


6.5905 


.00173 


577.08 


6.2970 


32 


33 


100.69 


.00993 


.15150 


6.6004 


.00150 


664.65 


6.3356 


33 


34 


115.80 


.00864 


.15131 


6.6091 


.00131 


765.34 


6.3705 


34 


35 


133.17 


.00751 


.15113 


6.6166 


.00113 


881.14 


6.4018 


35 


40 


267.85 


.0a373 


.15056 


6.6417 


.00056 


1779.0 


6.5167 


40 


45 


53M.75 


.00186 


.15028 


6.6543 


.00028 


3585.0 


6.5829 


45 


50 


1083 6 


.00092 


.15014 


6.660.5 


.00014 


7217.4 


6.8204 


50 
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Table 6 20% Interest Factor* for DUcrete Compounding Period* 



Single payment 



Uniform series 



Compound 
'amount 
factor 



Pre5>ent 
worth 
factor 



Capital 
rt^very 
facte »r 



Present 
.worth 
factor 



Sinking 
fund 
factor 



Compound 
amount 
factor 



Gradient 
factor 



N (F/P. 20. N) (P/F. 20. N) (A/P. 20. N) (P/A. 20. N) {AfF, 20, N) (F/A. 20. N) (A/C. 20. N) N 



J 


1.2000 ■ 


.83333 


1.2000 


.8333 


9 


L4400 


.69445 


,65455 


1.5277 


a 


1.7280 


.57870 


.47473 


2.1064 


4 


2.0736 


.48225 


.38629 


2.5887 


5 r 


2.4883 


.40188 


.33438 


2.9906 


D 


2 9859 


.33490 


'.30071 ' 


3.3255 


7 


3.5831 


.27908 


.27742 


3.6045 


8 


4.2998 


.23257 


.26061 


3.8371 


9 


5. 1597 


.19381 


.24808 


4.0309 


10 


^ 6.1917 


.16151 


.23852 


4.1924 


11 


7.4300 


.13459 * 


.23110 


4.3270 


12 


8.9160 


.11216 


.22527 


4.4392 


13 


10.699 


.09346 


.22062 


4.5326 


14 


12.839 


.07789 


.21689 


4.6105 


15 


15.406 


.06491 


.21388 


4.6754 


16 


18.488 


.05409 


.21144 


4.7295 


17 


22.185 


• .04507 


.20944 


4.7746 


18 


26.623 


.03756 


.20781 


4.8121 


19 


31.947 


.03130 


.20646 


4.8435 


20 


38.337 


.02608 


.20536 


4.8695 


21 


46 004 


.02174 




4.8913 


22 


55.205 


.01811 


.203e&^ 


4.0094 


23 


66.246 


.01510 


.20307 


^^9245 


24 


79.495 


.01258 


.20255 


?&a7i 


25 


95.394 


.01048 


.20212 


4.94T& 


26 


114.47 


.0087^ 


.20176 


4.9563 


ir 


137.36 


.00728 


.20147 


4.9636 


28 


164.84 


.00607 


.20122 


4.9696 


29 


197.81 


.00506 


.20102 


4.9747 


30 


237.37 


.00421 


.20085 


4.9789 


31 


284.84 


.00351 


.20070 


4.9824 


32. 


341.81 


.00293 


.20059 


4.9853 


33 


410.17 


.00244o 


.20049 


4.9878 


34 


492.21 


.00203 


.20041 


4.9898 


35 


590.65 


.00169 


.20034 


4.9915 


>40 


1469.7 


.00068 


.20014 


4.9966 


45 


3657.1 


.00027 


.20005 


4.9986 


50 


9100.1 


.00011 


.20002 


4.9994 



1.000 

.45455 

.27473 

.18629 

.13438 

.10071 
.07742 
.06061 
.04808 
.03852 

.03110 
.02527 
.02062 
.01689 
.01388 

.01144 

.00944 
.00781 
.00646 
.00536 

.00444 
.00369 
.00307 
.00255 
.00212* 

.00176 
.00147 
.00122 
.00102 
.00085 



1.0000 
2.1999 
3.6399 
5.3679 
7.4415 

9.9298 
12,915 
16496 
20.798 
25.958 

32.150 
39.580 
48.496 
59. 195 
72.034 

87.44i 
105.92 
128.11 
154.73 
186.68 

225.02 
271.02 
326.23 
392.47 
47*1.97 

567.36 
681.84 
819.21 
984.05 
1181.8 



.00070 1419.2 

.00059 1704.0 

.00049 • 2045.8 

.00041 2456,0 

.00034 2948.2 

.00014 7343.6 

.00005 18,281.3 

.00002 45,497.2 



.0000 
.4545 
.8791 
. 1.2742 
1.6405 

1.9788 
2.2901 
2.5756 
2.8364 
3:0738 

3.2892 
3.4840 
3.6596 
3.8174 
3.9588 

4.0851 
4.1975 
4.2975 
4.3860 
4.4643 

4.5333 
4.5941 
4.6474 
4.6942 
4.7351 

4.7708 
4.8020 
4.8291 
4.8526 
4.87;jO 

4.8907 
4.9061 
4.9193 
4.9807 • 
4.9406 

4.9727 
4.p876 
4.9945 



1 
2 
3 
4 

: 5 

6 
7 
.8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

40 

45 
50 
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TABLE 7 25% Interest Factors (or Discrete Compounding Periods 





•Single paymoiit 




Uniform 


series 










ComiKJiind 


Pre.<ent 


Capital 


Present 




Compound 








amount 


/ worth 


recovery 


worth 


fund 


amount 


Crudient 






fitctor 


factor 


factor 


factor 


factor 


fact<ir 


factor 




N i 


^{F/P, 2^;"n) (P/F. 25, N) {A/P, 25, N) {P/A. 25, N) (A/F. 25, N) (FM. 25. N) (A/G. 25, N) 


\ 


1 


1.2500 


.80000 


1.2500 


.8000 


1.0000 


l.QOOO 


.00000 


1 




1.5625 


.64000 


.69444 


1.4400 . 


.44444 


2.2500 


.44444 


2 


3 


1.9531 


.51200 


.51230 


1.9520 


.26230 


3.8125 


.85246 


3 


4 


2.4414 


.40960 


.42344 


2.3616 


.17344 


5.7656 


1.2249 


4 


5 


3.0518 


.32768 . 


.371«5 


2.6893 


.12185 


8,2070 


1.5631 


5 


6 


3.8147 


.26214 


.33882 


2.9514 


.08882 


11.259 


1.8683 


6 


7 


4.7684 


.20972 


.31634 


3.1661 


.06634 


. 15.073 


2.1424 


7 


8 


5.9605 


.16777 


.30040 


3.3289 


.05040 


19.S42 , 


2^3872 


f 


9 


7.4506 


.13422 


\28876 


3.4631 


.03876 


25.802 


2.6048 


9 


10 


9.3132 


10737 


.28007 


3.5705 


.03007 


33.253 


^.7971 


10 


11 


11.642 


08590 


.27349 


3.6564 


.02349 


42.566 


2.9663 


11 


12 


14.552 


.06872 


.26845 


3.7251 


.01845 


54.208 


.3.1145 


12 


13 


18.190 


.05498 


'26454 


3.7801 


.01454 


68.760 ' 


3.2437 


13 


14 


22.737 


.04398 


.26150 


3.8241 


.01150 


86.949 


3.3559 




15 


28.422 


.03518 


.25912 


3.8593 


.00912 


109.687 


3.4530 


15 


16 


35.527 


.02815 


.25724 


3.8874 


.00724 


138.109 


3.5366 


16 


17 


44.409 


.02252 


.25576 


3.9099 


.00576 


173.636 


3.6084 


IT 


18 


55.511 


.01801 


.25459 


3.9279 


.00459 


■ 218.045 


3.6698 


18 


19 


69.389 


.01441 


.25366 


3.9424 


.00366 


273.556 


3.7222 


19 


20 


86.736 


.01153 


.25292 


3.9539 


.00292 


342.945 


3.7667 


20 


21 


108.420 


.00922 


.25233 ' 


3.9631 


.00233 


429.681 


3.8015 


21 


22 


135.525 


.00738 


.25186 


3.9705 


.00186 


538.101 


3.8365 


22 


23 


169.407 


.00590 


.25148 


3.9764 


.00148 


673.626 


3.8634 


23 


24 


211.758 


.00472 


.25119 


3.9811 


.00119 


843.033 


3.8861 


24 


25 


264.698 


.00378 


.25095 


3.9849 


.00095 


1054.791 


3.9052 


25 


26 


330.872 


.00302 


.25076 


3.9879 


.00076 


1319.489 


3.9212 


26 


27 


413.590 


.00242 


.25061 


3.9903 


.00061 


1650.361 ' 


3.9346 


27 


28 


516.988 


.00193 


.25048 


3.9923 


. .00048 


2063.952 


3.9457 


28 


29 


646.235 


.00155 


.25039 


3.9938 


.00039 


2580.939 


3.9551 


39 


30 


807.794 


.00124 


.25031 


3.9950 


.00031 


3227. 174 


3.9628 


30 


31 


1009.742 


.00099 


.25025 


3.9960 


.00025 


4034.968 


3.9693 


31 


32 


1262.177 


.00079 


.25020 


3.9968 


.00020 


5044.710 


3.9746 


32 


33 


1577.722- 


, 00063 


.25016 


3.9975 


.00016 


6306.887 


3.9791 


33 


34 


1972. 152 


00051 


.25013 


3.9980 


.00012 


7884.609 


.3.9828 


34 


35 


24&5 190 


(XMHI 


.25010 


:j.9fW4 


.(M)010 


9856.761 


3.9858 


3.0 



liJU 
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STEP 1A. COLLECTOR SIZING — SHORT FORM METHOD WORKSHEET 



Line 1. Design Heat Loss of Structure (Btuh).: 

(from standard heat loss calculation) - SS^/f^O JiHll 

Line 2. Winter Design Temperature Difference (°F): 

(Indoor Design Temp. 7£L ) ~ (Outdoor Design Temp, -in ) = cLU— — 

Line 3. Space Heat Load (Btu per degree-day): 

(Line 1 .7.?: ) x 24 x 75 ^ . ip /LyA %\fil[y^%>i 
(Line 2 ^^0 1) ^^ff^^ 

Line 4. Desired Annual Solar Percentage of Total Load: 

25%, 50% or 75% ^22 ?i 

Line 5. Approximate Total Collector Area (sq. ft.): 

(Line3 l^ -. 474' ) ^ , 2 7 i sq. ft. 

LC Factor (from LC Factor Table forlJJ ) 

Line 6. Effective Absorber Area Per Collector (from \ c j 

Engineering Handbook Solar Collector sheet) • f ^.4- 

Line 7. Estimated Number of Collectors: ; 

(Line 5 2-71 )_ ^ ^ /7//7 r.<. /Rrnn.^r.ro,. ^ 

(Line 6 /T4 ) » 

Line 8. Effective Area of Collector Array (sq. ft.): -o ^ n 

(iin»fi \ffA- )x(Line7_L2^ )= ^ (7 E3JL 



LC 


FACTOR TABLE 


CITY, STATE 


LATITUDE 


^ SOLAR PERCENTAGE OF TOTAL LOAD 


25% 


50% 


75% 


Ames, la. 


42.0 


134 


46 


15 


Albuquerque, N.M. 


35.0 


334 


120 


"60 


Atlanta, Ga. 


33.4 


316 


109 


46 


Boulder, Colo. 


40.0 


191 


74 


35 


Columbus, Oh. 


40.0 


131 


40 


14 


Dallas, Tx. 


32.5 


416 


133 


58 


Davis> Ca. 


38.3 


394 


. 120 


46 


Miami, Fl. 


25.5 


1443 


646 


382 


Norfolk, Va. 


36.5 


270 


90 


40 


San Diego, Ca. 


32.4 


459 


211 


112 „ 


Edmonton, At. 


53.3 


96 


35 


14 


Moncton, N.B. 


40.0 


84 


25 


8 


Toronto, Ot. 


43.4 


98 


30 ' 


10 , " 


Vancouver, B.C. 


48.6 


102 


28 


8 


Winnipeg, Ma. 


49.5 


94 


33 


13 
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COLLECTOR SIZING — LONG FORM METHOD 

STEP 2A. HEAT LOAD WORKSHEET 

(Instructions for this worksheet on next page.) 

Line 1. Deisign Heat Loss of Structure (Btuh) 55,440 Btuh 

(from standard heat loss calculation) 

Line 2. Winter Design Temperature Difference (°F) : - 
(Indoor Design Temp. .) - (Outdoor Design Temp. 

tine 3. Space Heat Load (Btu per degree-day): 

[Un^ySS. AAO -U24 X.75) \ " . l^.A'?^ Btu/D-day 

r 

Line 4. Hot Water Temperature Differgnpe (°F): 

(Setpoint Temperature )— ^ir-^^p 

(Cold Water Supply Temperature — — t^) = « 25^ 

Line 5, Hot Water Consumption (gal. per day) oO qal./day 

Line 6, Hot Water Lo'ad (Btu per day); 

(Line ^_B5_) X (Line 5 Vx 8.33 = 06.6^4-^/ Btu/day 



Column A 


Column B 


Column C 


Column D 


Column E 


DAYS 
PER 
MONTH 


HEATING 
DEGREE-DAYS 
(from W«a. & 
Rad.Tables for ) 


SPACE HEAT 
LOAD (Btu/mo.): 
(Lin« 3) X (Column B) 
X (Abbreviation Factor*) 


WATER HEAT 
LOAD (Btu/mo.): 
(Line 6) x (Column A) 
X (Abbreviation Factor*^ 


TOTAL HEAT 
LOAD (Btu/mo.): 
(Column C Abbreviation) 
+ (Column D Abbreviation) 


Jan. 


31 




n.93 X lO'^ 


/.76x 10'^ 




Feb. 


28 


US/ 


/4. 36. " " 


J. 59 " 


IS.JS . " 


Mar 


31 


9 70 




1.76 


/3.r6 '• 


Apr. 


30 






\.io '• " 




May 


31 


i 9/ 


2.3?" •■ 




^. " " 


June 


30 


31 


O.^O" " 


{.70 '■ '• 


Z./O " 


JvUly 


31 


O 


0 00 


/. 76 ' 


l.70> " " 


Aug. 


31 


15 


.o-i^^f '• " 


1-7^^ * ■■ 


1.95- '■ 


Sept. 


30 


105 


1.31'- "■ 


/ .70 • " 


^.Ol ^ 


Oct. 


31 


■ 370 


4-. CI.'- ■• 


i-icp '• ■• 




Nov. 


. 30 






I.70 ■■ " 


IX. " •' 


Dec. 


31 




\5.70 '■ " 




17.^ " ■ 


T 
0 
T 
A 

L 


365 




25.15 '■ " 
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*The abbreviation factor abbreviates and rounds a large number by moving decimal six digits to the left; 
rounding to two decimal numbers; and multiplying by 10^, (See Step 2 A Worksheet Instructions for further 
explanation,) 

102 - 



^ COLLECTOR SIZING — LONG FORM METHOD 

STEP 2B. SOLAR LOAD PERCENTAGE OF TOTAL LOAD WORKSHEET 

(Instructions for this worksheet on next page.) 

Line 7. Estimated Effective Absorber Area of Collector Array ■* nnn 

(from line 8 of Step 1 A Worksheet or SA/L Short Form Worksheet 2Sll 

Line 8. Collector Performance Curve Slope (from 

Engineering Handbook data) . ■ » C£>0 

Line 9. Collector Peformance Curve Intercept (from ■; 

-Engineering Handbook data) . • . ■ 

Line 10. Collector to Storage Heat Exchanger Factor • ^ 

(.95 is factor for Lennox systerhs) ^ - f5 

Line 11. Collector Orientation Factor ^ 
(.95 is factor for Lennox systems) - • ■ 

Line''l2. Preliminary "X" Factor of F-Chart: 

(Line 7 Z77 > \ x (Line « Cif) \ x (Line 10 = . . /5"7 . 

Line 13. Preliminary "Y" Factor of F-Chart^ 

(Line 7 ^77 ) x (Line 9 "^B ) x (Line 10 ^"^^ ..),x " ^ 

(Line 11 ) = / ■ 77 



sq. ft. 



Col. 


Col. 
G 


Col. 
H 


Col. 


Col. 
J 


Col. 


Col. 
L 


Col. 
M 


Col. 
N 


DAYS 
PER 
MONTH 


HOURS 

PER 
MONTH 


AVERAGE 
AMBIENT AIR 

TEMP.rF): 
(from Wea.fit 

Rad. Tables) 


TEMP. 
FACTOR: 

212- 
(Col. H) 


"X " COORDINATE: 
(Lin* 12) X (Col. G) 
X (CqI. I) X (Abbrev- 
iation factor*) 


RADIATION Of^ 
TILTED 
SURFACE 
(from Wea. 

& Rad. Tables) 
Tilt SO • 


"Y" COORDINATE: . 

(Line 13) x (Col. F) 
X (Col. K) X (Abbrev- 
" ° latlon Factor*) 


SOLAR 
PERCENTAGE 
(from F-Chart) 


SOLAR 
LOAD 
(Btu/mo.): 
(Col, ErStep 2A 

Worksheet 
Abbreviation) X 
(CoL M) 


(Col. E, Step 2A 

Worksheet 
Abbreviation) 


(CoL E, Step ZA 

Worksheet 
Abbreviation) 


Arm Q 


J-31 


744 








IZB3 








F-28 


696 


25 




1.29 




.SI. 






M-31 


744 




ISO 


1.55 


ISOQ? ■ 




.49 




A-30 


720 


48 


Kp't 


Z.47 




/ ./4 


.73 


Kso •' •■ 


M-31 


744 


31 


/53 


4.34 


ISOl 




\.00 


4.. 14. •■ '■ 


J-30 


720 


68 


/44 


7. BO 


, \S76> 


4.^9 


1. 00 


2.IO '• 


J-31 


744 


73 


/3? 




I(p09 


5. '52 . 


1.00 


i.yr. '■ • 


A-31 


744 


7Z 






1572. 


4.97 


1 OG 


/. 9.5- " •• 


S-30 


7^0 


63 




544 


ts-^-i 




).nD 


<^.ni '• 


0-31 


744 


5Z 


1(pO 


Z.94 










N-30 


720 


3G> 




/.^ 










D-31 


744 


2S. 


IB7 




lO 95' 






s-.a^ - " 




YEARLY TOTAL 


53.^-3 "'■ 



Line 14. Yearly Solar Load Percentage: ' ^ 
M (Col. N. Abbreviation TOTAL 53.^3x/(9 ) 




% 


(Col. E. Step 2A Worksheet Abbreviation TOTAlP g-f'^" /P ) 



""The Abbreviation Factor abbreviates and rounds a la^e number by: moving decimal six digits to the left; 
rounding to two decimal numbers; and multiplying by 10^. (See Step 2A Worksheet Instruction for further 
r-rn^' explanation.) 
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LIFE-CYCLE COST ANALYSIS 
LCA-1 WORKSHEET — BASIC DATA 

BUILDING DATA 

Line 1. Building Armual Heat Load ' ^ 
(fronn Col. C Total of Step 2A Worksheet in EQUIPMENT SELECTION Section) zi^O 

Hot Wat^r Load 

(from Col. D Total of Step 2A Worksheet in EQyiPMENT SELECTION Section) 

Total Annua)JHeating Load 

^ ) + (Line 2 



mBtu 



Line 2 
Line 3. 



mBtu 



(Line 1 



2J 



]0t> 



mBtu 



SOLAR SYSTEM DATA 

Line 4. Collector Area 

(from Line 7 of Step 2B Worlcsheet in EOUIPJVIENT SELECTION Section) 

Line 5. Fraction of Arrnual Heating Load Carried by Solar 

(from Line 14 of Step 2B Worksheet in EQUIPMENT SELECTION Section) 

Line 6. 
Line 7. 



sq. ft. 



61 



Unit Cost of Solar System Installed 2.Z $/sa. ft. 



Installed Cost of Solar System: ^ 
(Line 4 277 ) x (Line 7 
Line 8. Type of Auxiliary Fiiqls: 
8a. Space _ 

Line 9. Efficiencies of Auxiliary Fuels: 
9a. Space \ tOQ 

Line 10. Auxiliary Fuel Costs (from Figs. 1 & 2) 
10a. Space Pj.PQ 



% 

$/mBtu 



8b. Hot Water 
8b. Hot Water 
10b. Hot Water 



FINANCIAL DATA 

Line 11. Terms of Loan: Years^ 

Line 12. Down Payment on Loan: ( 
Line 13. Amount of Loan: (Line 7 

Line 14. Annual Mortgage Payment: 
(Factor from Fig. 4 > // 



2c> 



Interest Rate 

% ) X (Line 7 6,0P4- ) • 
6,094 ) — (Line 12 /,Z/P ) ■■ 

) X (Line 13 4, 07^ 



I.OO 

8.60 
.09 



% 

$/mBtu 



% 

1.219 



63ih 



.5 



TAXES AND INSURANCE 

Line 15. Property Tax: 

15a. Ratio of Taxable Value to Installed Cost . 

15b. Property Tax Rate OZ- % 

15c. Property Tax: 

(Line? (9,09-4^ ) x (Line 15a. -5 
Line 16. Income Tax Rate: 

16a. Federal Tax Rate 

16b. State Tax Rate 'lO 

16c. Effective Income Tax Rate: 

(Line 16a. .30 ) + (Line 16b._ 

x(Line 16b. ^ lO _)] = .. 

Line 17. Insurance: . /~)Qyf 

(Line 7 ) x (Insurance Rate 



)x (Line 15b. -^Z. ) = 



.10 
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OPERATION AND MAINTENANCE 

Line 18. First Year Operating Cost: 

18a. Annual Solar Heat Supplied: 

(Line 5 f^l ) x (Line 3 jO<^ 

18b. Fraction of Solar for Electricity > OF> % 
18c. Operating Cost: ^1 

(Line 18a. 64' ) x (Line 18b. .03 ) x 
Lin6 19. First Year Maintenance Cost = 

NON-SOLAR SYSTEM DATA 

Line 20. First Year Fuel Expenses: ^ 

20a. Space: (Line 1 ) x (Line 10a. 

20b. Hot Water: (Line 2 ) x (Line 10b. 

20c. Total Fuel Expenses: ^ 

(Line 20a. V40 ) + (Line 20b. 

Line 21. First Year Operating Expenses: 

(Line 20c. ^ 9^^ ^) x ( 

Line 22. First Year Fuel and Operating Expenses: 

(Line 20c. Q^p, ) + (Line 21. 



) — [2 X (Line 16a. 

.005^ )^ 

£00 



.34- 



30 



mBtu 



Z4- 



$/vear 



$/vear 



$/vear 



$/vear 









$/vear 








$/vear 






.. /B5 


$/vear 


- /B5 )= 




.. 9 33 


$/vear 


.03 


%)= 




$/year 




) - • 


■ id/' 


$/vear 



\ 



LIFE-CYCLE CO^T ANALYSIS 
LCA-2 WORKSHEET — SOLAR CASH FLOWS 



KEY: 



J9. 



/ 



Annual Mortgage Rate 
(from Line 11) 

Auxiliary* Inflation Rate 

General Inflation Rate 

Collector Area 277 . sQ. ft. 
(from Line 4) 



% 



01 



Solar Fraction of Total Load 
(from Line 5) 



51 



% 



J)6 



System Cost ^ 
(from Line 7) 

Down Payment 
(from Line 12) 



6,094- $ 



I.Z19 



Col>A 


Column B 


PAlljmn 


^Hiiunin \j 


Column E 


Column F 


Column G 


Column H 


Column 1 


Column J 


Column K 


Column L 


YEAR 


ANNUAL 

MORTGAGE 

PAYMENT 
(from LIna 14) 


YEARS 
LEFT ON 
MORTGAGE 


FRACTION OF 
MORTGAGE 
AS INTEREST 
(from Fig. 4) 


INTEREST 
PAID 
(Col. B 
)( Col. D) 


AUXILIARY 
FUEL COST 
<S** Not* 1.) 


PROPERTY 
TAX 
(Sa* Not*2.) 


INSURANCE 
IS** Not* 3.) 


OPERATING 
COST 

(S«« Note 4.) 


MAINTENANCE 
COST 

(S«« Note 5.) 


INCOME 
TAX 

SAVINGS 
(Col. E X 
Lin* 16e.) 


EXPENSE 

wrtH 

SOLAR 
IS** Not* 

6.) 


1 






ez 


440 


457 


bl 


3o 


Z4 


loo 


I50 


2111 


2 


SZb 


ig 


.€>/ 


434 


4ag 




31 


26 


lOi? 


149, 


^'lob 


3 


63b 


IB 


.79 


413 


513 




34 


28 




144 


II 5& 


4 


536 


17 


.77 


413 \ 




73 


3^ 


30 


H9 


l4C 


1214- 


5 


53b 


16 


.75 


4C1 


599 


77 


3B 


^1 




137 


1171 


6 


53b 


15 


.72. 


3S6 


b4l 




40 


34 




131 . 


I33C= 


7 


53h 


l4 


.70 






& 


4i 


?6 


/4Z 


I2& 


i4o( 


8 


636 


13 


-67 


^ 




91 


45 


•39 


l6l 


/2Z 


1475 


9 


53b 


11. 


.b4- 


■343 


7B5 


9B 


49> 


42. 


ii?o 


117 


155^ 


10 


Sib 


II 




3Z7 




104 


51 


46 


i70 


III 


m5 


11 


6ib 


lO 


.5» 


311 




no 


54 


4^ 


^e>o 


loe 


172 1 


. 12 


63h 


Q 


.54 




962 


117 


57 


51 


i9f 




leih 


13 


53t> 




.60 




I030 




60 


55 


20X 


91 


l9/<e> 


14 


536> 




.45 


24/ 


IIOl 


I3i 


6>4 


59 


%14 


91 


lozA- 


15 


53h 


b 


.4C 


7.14- 


1179 


139 


6S 


b3 


2X7 


•73 


Z(39 


16 


53b 


5 


.35 


/00 




/47 


7Z 


b7 


241 


64- 


21C>1 


17 


53b 


4 


.2f 


165 


I360 


156 


76 


71 


Z55 


53 


2^91 


18 


536 


7 


.Z3 


123 


/44^ 


i6>5 




77 


z:rc 


42 


1631 


19 


63b 


* Z 


.lif 


«^ 


164^ 


175 


&^ 


&Z 




2? 




20 


53b 


I 


.03 


43 


/(,54 


/'Bb 


91 


d0 


303 


l5 





Note 1. 

Note 2, 
Note 3, 
Note 4. 
Note 5, 
Note 6. 



First year cost: 

(Line 3 jdh 



_) X (1.0 — Line 5. 



) X (Line 10a.- 



6,80 
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Second and future years: (Previous Year Cost) x (1-+ Fuel Inflation Rate) 
First Year Cost: (Line 15c.) 

Second and Future Years: (Previous Year Cost) x (1 + General Inflation Rate) 
First Year Cost: (Line 17) 

Second and future years : . (Previous Year Cost) x (1 + General Inflation Rate) 
First Year Cost: (Line 18) • 

Second and Future Years: (Previous^ Year Cost) x (1 + Fuel Inflation Rate) 
First Year Cost: (Line 19) 

Second and Future Years: (Previous Year Cost) x (1 + General Inflation Rate) 
First Year Cost: 

(Down Payment) + (Col, B) + (Col. F) + (Col. G) + (Col. H) + (Col. I) + (Col. J) — (Col, K) 



•mm 
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LIFE-CYCLE COST ANALYSIS 
\cA-3 WORKSHEET - ECONOMIC SUMMARY 



KEY: 

Fuel Inflation Rate .07 % 



Col.M 



Column N 



Column O 



I Column P I Column Q \ Column O \ Column P | Column q | Column O | Column f \ 



Column Q 



YEAR 



NON-SOLAR SYSTEM 



SOLAR SYSTEM 



COLLECTOR AREA 



. sq. It. 



COLLECTOR AREA 



FUEL PLUS 
OPERATING EXPENSE 
(Sm Not* 1.1 



EXPENSE 
WITH SOLAR 
(From Cd. L) 



SAVINGS 
WTTH SOLAR 
(Col. N) 
— (CoL O) 



CUMULATIVE 
SAVINGS 
WITH SOLAR 
{Sm Not* 2.) 



.*q. it. 



COLLECTOR AREA . 



EXPENSE' 
WITH SOLAR 
(From Cd. L) 



SAVINGS 
WITH SOLAR 
(CoLN) 
— (Col. O) 



CUMULATIVE 
SAVINGS 
WITH SOLAR 
(Sm Not* 2;) 



EXPENSE 
WITH SOLAR 
(From Col. U 



SAVINGS 
VyiTH SOLAR 
(Col. N) 
(CoLO) . 



CUMULATIVE 
SAVINGS 
Wrm SOLAR 
(Sm Not* 2.) 



lOZQ 



llOO 



ml 



1259 



/347 



144-1 



2277 



-1336 



II06 



-78 



I ISO. 



-58 



-mz 



IZI4- 



-37 



-1509 



1271 



1 33 b 



+ 11 



-I5ZI 
-I5IP 



I40I 



+40 



■I470 



12 



I54Z 



I6S0 



neb 



1890 



1164- 



23/5 



2477 



2650 



2836 



3241 



3414 



1475 



+ bl 



-1403 



1552 



+ 9& 



-1305 



1635 



+131 



-1174- 



I7ZI 



+ 159 



-I0O5 



/a/6 



■206 



- 799 



1916 



+ 246 



-551 



Z024- 



+291 



-2bO 



Z/39 



+ 33e 



+ 76 



226/ 



+ 3e9 



+ 461 



239Z 



■444 



+ 911 



263 Z 
ZbQZ 



■503 



1-565 



+MI4. 



2343 



+'631 



+ 1979 



+ 2blO 



Note 1. First Year Cost: (Line 22) 
Second and Future Vears: 
(Previous Year Cost) x (1 + Fuel inflation Rate) 
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Note 2. 



First Year Savings: (CoL P First Year) 
Second and Future Years: 
(Previous Year) + (CoLX) 
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CODES, LEGALITIES, CONSUMERISM AND ECONOMICS 



UTILITY INTERFACING 



STUDENT MATERIAL 



llO 
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CODES, LEGALITIES, CONSUMERISM AND ECONOMICS 

^ " UTILITY INTERFACING ^ 

INTRODUCTION 

Public Util ity is a business directly connected with public 
health and welfare. Such businesses, or public utilities, 
suDply essential commod ities or services as water, electricity, 
gas, telephone, and transportation. 

Public utilities must obtain a franchise, or permit, to carry 
on their businesses, since they occupy the public streets and 
highways with their mains, pipes, poles, wires, tracks, and the 
like. Nowadays the franchise is. usually granted by the munici- 
pality or city which the public utility serves. 

The limited space of city streets along with other factors con- 
tribute toward making public utilities w-hat are called "natural 
monopolies". Since monopolies can be dangerous to pablic wel- 
fare, it is necessary that public ut i 1 i t i es. mus t either be reg- 
ulated by some agency of government, or be publicjy owned and 
operated. Good service at reasonable rates can thus be assured. 

Over 75 percent of the electrical genera ti ng ca4)ax^ty in the 
United States is the property of private power compani es . Al- 
though these companies are privately owned, their operations 
are regulated by state public utility commissions because of. 
the natural monopoly of the utility business. State public 
utility comnilssi ons have generally acted as overseers rather 
than initiators of >€licy, although this may be changing in 
some states. As a practical matter, utility commissions have 
also lacked the resources and staff to take an aggressive pos- 
ture. 

The Federal Energy Regulatory Commi*ssion sets accounting stan- 
dards and report ing requirements. Recentregulations issued 
by the Federal Energy Regulatory Commission offer some hope 
for a nore active energy conservation program. The Commission 
announced recognition of the shift in public concern for the 
"proper uti 1 i zati on and conservation of our natural resources 
including fuels and^ raw materials as well as air, water and *^ 
land". Although action refelcting these concerns was left 
for a later date, utilities were asked to submit more detailed 
rate reports. . - 

Recent congressional proposals would expand federal regulation 
of utilities. While Congress ajmost certaily has the power to 
regulate utilities under the i nterstate commerce cl ause , or on 
the grounds of national security, it seems likely that^states 
will continue to exercise primary responsibility fo^ utility 
practices. 
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Utilit ies a n d Solar Energy 

The role of utilities in. solar energy commercialization is con- 
troversial and complex. Laws which govern public and private 
utility companies are incredibly complicated, in addition to 
varying from one state to another. There is no Cjuestion, though, 
that these laws and regulations can either help or hurt the de- 
velopment of solar energy applications. 

Public utilities, which currently provide a substantial portion 
of th.e energy used to heat buildings, could lose some potential 
customers if solar-powered heating systems become widespread. 
Moreover, solar building owners who use electricity as a backup 
source of'epergy could cost utilities far more to serve than 
other resi.dential customers. Since even idle capacity must be 
paid tor\ the cos-ts of serving the occasional oUser may be higher- 
thaa those for a customer who used the same amount of electri- 
city, but" has. a steady demand. The owner af a solar system 
using electrical heating as a backup may in fact impose a de- 
mand at times of utility peak demand. Although the battle has 
hardly begun, one utility has already tried to retaliate by 
impo.sing a rate'structure that reflects the potential ly higher 
costs" of serving solar customers. The Public Serv i ce Company 
of Colorado cited the increasing use of solar heating as one 
justification for a controversial new rate structure. 

On the other hand, some utilities will see an opportunity to 
profit from participation in the solar energy market. Nat- 
ural gas compani es. may soon have to locate alternative sources 
of energy because proven gas reserves are steadily declining, 
and at least one gas company, the Southern California Gas Com- 
p.any,has begun experiments with solar-assisted gas heating 
systems. The company recently requested a rate increase to 
pay for a demonstration project. A recent survey found over 
100 utility projects i nvol vi ng sol ar energy, most of them in 
the area of heating and cooling buildings. 

From the standpoint of so.lar energy use, the crucial regula- 
tory function is rate approval. Typically, state regulatory 
agencies first decide how much a utility will be allowed to 
earn, and then a^pprove rate schedules designed to produce the 
approved profit margin. The rate of return is a function of 
, the rate base (those investments on which the utility may 
make a profit). A utility decision to market or lease solar- 
collectors would have to be approved by the utility commission 
before these expenses could be added to the rate base. 

It should also be noted that the utility profits only if it 
makes an investment in captial. Therefore* a utility might 
finance the purchase of solar collectors by homeowners, but 
it woujd stand to profit less than from, an investment in 
' jgenerati ng facilities. / 
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Rate structures are als^o designed to rcSflect different costs; 
of service. For example, residential consumers have tradition- 
ally paid higher rates than large industrial customers because 
of the lower costs of billing and metering a single large user. 
Industries willing to accept i n terrupti bl e service, that is, ' 
the possibility service cutoffs during peak periods, also re- 
ceive a 1 ower ra te . c 

There is one major exception to the scope of utility commission 
jurisdiction: publicly owned utilities are usually exempt from 
state jurisdiction because they are already publicly controlled. 
Some utility critics view locally owned uti 1 i ti es as one alter- 
native to the unresponsiveness of privately owned systems. 
Whether or not this argument is valid, in the short run munici- 
pal utilities are too small to play a major role in national 
; energy i ssues . They accounted for only 10 percent of total 
installed capacity in 1972. 

The major impediment to solar heating which could be caused 
by utility companies and state laws is nicely summed gp by 
the f ol 1 owi ng : 

Energy conservation (the use of solar energy) 
has grave implications for the long-term in- 
terests of utilities. It means decreasing de- 
mand, and consequently a smaller market. Solar 
heating and cooling offer an opportuni ty to 
satisfy growing demands through actual expan- 
sion of the utilities markets. On the. other 
hand, universal use of solar energy for heating 
and cooling would severely curtail the market 
for conventional energy on sunny days, and pose 
severe peak-demand probl ems on cloudy days. Com- 
bined solar and conventional energy for heating 
and cooling is not only advantageous , but en-" 
ables the utilities to have their cake and eat 
it too: They keep their exi sti ng market for 
conventi onal energy and expand their total 
market through the control of solar energj^. 

To some, this may sound ominous. To others who know that 
utilities understand the high start-up costs and ,J ong- term 
amort i zation of capital-Tntensivebusiness(as opposed to the 
homeowner who may only look at first-cost, and not;Hhe life- 
cycle costs), the idea makes sense. Some f urther i ns i gh t into 
the complexity of issues occurs with consideration of centralized 
systems as opposed to onsi teVsystems and the i n tegra ti on of the 
two concepts. ("Onsite'' energy systems are defined as small 
energy units attached to .or located near individual buildings, 
or groups of buildings.) 



r|c 



entjral i zed 



Systems 



ost electricity generated in the United States originates in 
large centralized facilities owned and operated by electric 
utilities. There are a number of explanations for the trend 
toward centralization: 

1/ Larger equipment tended> to be less expensive per unit of 
installed capacity. . « ^ . 

2. Larger plants tended to be more efficient in their use of 
fuel and had lower maintenance costs per unit output, since 
a relatively small number of trained operators could reli- 
ably maintain large generating plants, 

3. Larger plants could be installed in remote locations , sim- 
plifying siting problems and ensuring that pollutants would 
be released at a distance from populated areas. 

4". In recent years, a major advantage of large plants was their 
ability to use coal instead of oil and gas as a fuel; the 
delivery of coal to a large plant, using a dedicated rail 
facility, co'^uld significantly reduce the effective cost of 
coal fuel . " , 

5. Onsite facilities were frequer>tly unable to compete with 
"promotional" rates charged during the perrods when utili- 
ties were enjoying declining marginal costs; under those 
circumstances, all uti 1 ity customers ^benefi ted from in- 
creased sales, since average rates declined as utility 
sales expanded. f . 

6. Many companies were reluctant to invest in onsi te equi pment 
because they were unable to finance a large fraction of the 
equipment with their own equity; they were forced to turn 
instead to debt financing, which had the effect of in- 
creasing company vul nerabi 1 i ty duri ng periods of economic 
hardship; this meant that greater returns were expected 

of onsite generating equipment than were expected of in- 
vestments in product-ori en ted areas . 

7. There was a fear that a failure of onsite equipment could 
have di sastrt)us effects on the operation of a business, and 

a feeling that the headaches of electricity production should 
be left to the utilities, whose primary business was energy. 

8. Electric utilities have frequently opposed the installation 
of onsite generating facilities by industry and have often 
been reluctant'to own such equipment themselves. 

9. Many onsite facilities have been poorly designed and have 
received inexpert maintenance, and reports of failures have 
frightened prospective investors. 
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10. Onsite generating equipment has tended to be of somewhat 
archaicdesign. 

11. Federal and industrial research has concentrated almost 
exclusively on the development of improvements i n large 
centralized equipment rather than- in systems optimally 
designed for onsite generation. 

12. Onsite equipment in some i ns tal 1 ati ons has created prob- 
lems of noise and local pollution, and some ov/ners have en- 
countered difficulties in expanding generating facilities. 



Onsi te Systems 

One of the major objectives under study is to determine whether 
there are or will be circumstances under which the advantages 
of onsite energy equipment, particularly solar energy equip- 
ment, can outweigh the rather impressive set of traditional 
reasons for avoiding onsite equipment. Widespread use of on- 
site solar equipment (or indeed 'of onsite energy equipment of 
any kind) would reverse a 40-year trend toward centralization 
of energy sources. , - 

Onsite equipment can offer a number of advantages: 

1. Location of equipment "onsi te"greatly increases the design 
opportuni ti es and makes it easier to match energy equipment 
to specific onsite energy demands. 

In particular, it should make it easier to use the thermal 
output of solar collectors and the heat rejected by electric 
generating systems which is typically discarded (often at 
some environmental cost) and wasted by central generating 
facilities. 

There is a considerable amount of overlap between equipment 
being developed for energy conservation and onsite genera- 
ting devices, and onsite designs are usually most successful 
when integrated into a coherent plan encompassing both 
energy demand and supply. 

2. The basic solar energy resource is available onsite whether 
it is captured or not- 
Integrating the equipment into the walls or roof of a build- 
ing or into the landscape around a building earn reduce the 
land which must be uniquely assigned to solar energy. 

Onsite generation of energy can reduce the cost of trans- 
porting energy and reduce the losses and environmental 
problems associated with transmission (although the extent 
of these savings can be difficult to compute). 
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3. Onsite equipinent can reduce investment risks, because it 
can be constructed rapidly and additional units can be in- 
stalled quickly to meet unexpected changes in demand. 

'4. Onsite equipment can be made as efficient as centralized 

equipment, even if no attempt is made to use thermal energy 
exhausted by generating devices; if this heat is applied 
usefully, overall efficiencies as high as 85 percent are 
possible. 

5. High-efficiency energy use, possible with combined electric 
and thermal generation^, can result in a reduction of pollut- 
.ing emissipns produced by onsite devices burning conven- 
tional fuels. 

6. Onsite equipment can be manufactured , i nstal 1 ed , and main- 
tained without major changes in the way energy-related 
equipment has been handled in the past; it would not re- 
qulre'novel approaches to financing, new types of businesses, 
major new categories of labor skills, or major participation 
by the Government. 

In addition, there may be social, strategic, or political reasons 
for trying to reverse the trend toward increasing centralization 
of energy production in the United States which have no direct 
connection with the economic merits of the case. For example, 
wides'pread use of onsite solar equipment could have a favorable 
impact on: 



1. American 1 abor-sby/creati ng attractive new jobs; 
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Internet i OD^rT'Tl^^ easing the- competi t i on for 

convent i on fij_^j9H<ergy sources without increasing opportunities 
proliferation of nuclear weapons; 

envi ronment--by replacing po.llut.ing energy sources. 

of solar energy in the future will depend largely on 
le^ which soci ety attaches to these, and other, advantages. 



Integration 

In assessing the relative merits of large and small equipment, 
it is necessary to judge both as part of an i ntegra ted energy 
system. Reviewing the performance of units operating in iso- 
lation can^be very misleading. 

While it is possible to construct onsite solar devices capable 
of operating with no connection to other power sources, it is 
seldom economically attractive to do so when other sources of 
power are available. It is tautological that designing an 
optimum, approach for providing energy in a given region requires 
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that all equipment f or i ns tal 1 i ng and consuming energy be con- 
sidered as components of a single integrated energy system 
designed to meet a fixed set of energy demands: maintaining 
building interiors at com fort able temperatures, prov i di ng light- 
ing, supplying heat for industrial processes, etc. Any attempt 
to simplify the problem by considering the capabi 1 i ti es of com- 
ponents in isolation must result in a less efficient outcome. 
Moreover, it i s^ likely that without taking this synthetic per- 
spective, some *^cri ti cal aspect of the overall system will be 
neglected. 

Performing this kind of analysis is difficult because of the 
complex and highly interdependent energy systems which have 
emerged over the past few decades, the variety of equipment 
which is currently in use, and the . bewi 1 deri ng variety of de- 
vices now under test and development. 

The design of an optimum energy network which includes onsite 
solar facilities requi res choi ces in the following areas: 

1. How much of the backup jsnergy should be supplied from energy 
storage equi pment , and how much backup en'ergy should be 
supplied from conventional energy sources? (This usually 
translates into determining the optimum size for onsite 
storage equipment.) 

2. Should cqnventional backup power be provided from electricity 
generated at a central generating facility or from fossil 
fuels burned onsite? (It should be noted that it is possible 
to use chemical fuels--oil, gas, alcohol^ coal, etc. --to 
backup even solar electric facilities since a small energency 
generator can be used when sol ar el ectri ci ty is not avai labl e. ) 

3. If electricity is stored, should it be i n thermal , mechani cal , 
or chemical form? 

4. Should the excess onsite energy be transmitted (in thermal, 
chemical, or electrical form) to 9 central or regional 
storage location or should it be stored where it is gene- 
rated? (Energy generated at,a centralized facility can be 
transported and stored in distri buted storage facilities, 
and energy generated in distributed small facilities can 

be transported and stored in centralized storage facilities.) 

Should control over the onsite storage and generating 
equi pment be exerci sed from acentralpoint? 

If it is possible to transmit energy inexpensively, overall 
energy costs can usually be reduced by connecting together as 
many energy, consumers as possible. If onsite generating systems 
are not connected, each generating unit (solar plus backup) 
would have to be large enough to meet the peak demand on the 
building or i ndus tri al process whi ch it is des i gned to serve . 
The load factors of individual buildings are usually very un- 
attractive. Onsite load factors can be as low as 15%, while 
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typical utility load factors are 50 to 60%; Moreover, each 
onsite facility would have to provide enough redundant equip- 
ment to achieve acceptable levels of reliability. If an inter- 
connection is available, however, it is necessary only that 
the combined output of all generating units in the system be 
able to meet the aggregate peak demand of the region. The 
aggregate peak will be lower than the sum of the individual 
«peak demands since individual peaks will occur at different 
times (this is usually called "diversity" in the demand). 
The advantage of the connection is magnified by the fact that 
most generating devices operate less efficiently when operated 
to meet an unevern demand. Interconnections also permit greater 
freedom in selecting generating and storage equipment (onsite 
and centralized facilities can be selected as they are appro- 
priate), and it is easy to optim'ize the efficiency of the total 
system throughout the year by controlling the performance of 
each system in the network in response *to the total load. 

The problem of uneven loads is a particularly difficult one 
in the case of electric utilities since generating and storage 
equipment tends to be extremely expensive, although chemical 
and thermal transport Systems can also benefit from balanced 
loads. It may prove feasible, for example, to pipe hot water 
generated in collectors located on a number of separate build- 
ings to a central thermal storage facility. If this storage 
facility is large enough, collectors need only have an annual 
output large enough to provide for heating and hot water re- 
quirements and storage losses. Such systems may require less 
collector area per building unit than conventional solar heating 
and hot water systems using relatively small amounts of storage. 

While connecting energy generating and consuming devices into 
a single energy network, can lead to significant savings, the 
transmission and di str i'buti ofK^ystems required can be extremely 
expensive. The costs of'several types of energy transport 
systems are summarized in table V-1 . Comparisons of this type 
can be somewhat misleading because costs will vary greatly from 
site to site, but the table at least allows a crude ranking of 
alternatives. It indicates, for example, that transporting 
energy in chemical form is by far the least expensive appro-ach. 
It is interesting to notice, however, that distributing energy 
in the form of hot water over distances of 1 to 2 miles is only 
about 30% more expensive than transmitting electrical energy 
over typical distances from generating facilities to consumers. 
In this comparison, no attempt was made to share the cost of 
the trench dug for the hot water pipe with potabl e water , 
sewer, telephone, or other lines which could be placed in the 
excavation. The electric distribution costs would have been 
significantly higher If buried cables were used. 
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Table V*1.— A Comparison of the Cost of Transmitting and . 
Distributing Energy in Electrical, Chemical, and Thermal Form 



Mode 



Capacity 



Load Operation 
Capita} fac' and 

cost Efficiency tor^^^ maintenance 



Usable 
energy- 
cost^^ 



~$92/kwW 0.95<^) 07 $5.7 x lO'VI^Wht^) $5.2 x 10-Vl<Wh<^'2) 



$17.6/I<W(9) 0.98<^°) 0.88<^^)$3.8 X 10-VI<Wh<l2) $g.i x 10-Vl<Wh<l3) 



$130/I<W<^5) o.94(S) 0.4 $9.3 X tO-VkWh^^®) $9.0 x IQ-VkWh^^) 

(Total electricity = 
0.0142) 



Electric transmission 
(765I<V. 500miles)<^> 



Natural gas 

transmission 

(30 inches diameter, 
800 PSI.500milesr> 

Electric distribution. . 
(10,000customers— 
residential/bommer- 
cial) 

Natural gas dis- 
tribution 

(10,000 customers— 
residential/commer- ^ 
cial) 

Hot water 

distribution 

(10.000 customers— 
residential/commer- 
cial) 



8.1 xlO'kW 
(3.25 lines 
equivalent) 

8.1 + 10'kW 

(1 line) 

, 5 X 10'kW 

(17:2 X 10'kWh 
per customed 



8.3*x 10*kW $50/kW<^'^ 0.98(1°) 0.5 $3.8 x TO-VkWht^^) $2.0 x lO^VkWh^^^) 
(121 Met per • (Total gas = 

customer)(^^) 0.00291) 



7x 10*kWfl9> $260/kW<l9'20) 0.85<19) 0.35 $2.6 x 10-VkWh<2l) $1.8 x 10-VkWh<^) 
(21.3 X lO^kWh 
per customer) 



capital racovary factor of 0.1 S is usad to caicuiata annual capjUl 
chargas. 

^AssumasacapaQityof 2,500MWforona765l(v|ina. . 

^Utility construction axpandituras of $1.7 billion In 197S for 3,762 ad- 
ditional miias or $461,000 par mija avaraga. (S(a(/s(/ca/ Vaarboofc of 
th» £/ac(r/c UtiUty Industry for T975, Edison Eiaclrlc Inatltuta, Naw 
York. N.Y., Oct. 1975.) 

^Tha t970 ^a(/ona/ Powar Survy, Fadaral Powar Commtssion, 
Washington. D.C., p. M3-8. Dac. 1971. 

^Invastor-ownad alactric utilltlaa apant approximataly $850 million on 
transmission 0AM costs In 197S for 1.5x10'* ItyVh. (S(a(/s(/ca/ Vaar- 
book of f/ia e/ac(r/c UtiUty Industry for t975). 

^Assumas An and'usa atflclancy of 10O parcant. 

^N»tioMl Gas Surv9y, U.S. Fadaral Powar Commission, V)ol. 1, p. 3^,^ 
1975. 

®AM natural gas companias span! $531 million In .1976 lor 1,645 mllas 
of naw transmission pipalina or $207,000 par mila avaraga. (t976 Gas 
Facfs. Amarican Gas Association. Arlington. Va.. 1977). 

^Four parcant of total natural gas consumad was usad for pipallna 
fual in 1976. This is squally allocatad to transmission and diatrlbu- 
lion. (AG A Gas Facts). 
I^Nationa/ Gas Survay, U.S. Fadaral Powar Commission, V^l. Ill, p. 129, 
1973. 

I^AII natural gas utilltias spant $i.i billion In 1976 on O A M lor 
transmission for 14.8 trillion cubic laat (TCF). ? 



^^Assumas and'usa afflclancy of 65 parcant. 

^^'Rasldantlal Enargy Usa to tha Vaar 2000: Cohsarvation and 

Economics," Oak Ridga National Lab, Raport ORNUCON-13, Oak 

Rldga,Tann.,Sapt. 1977. 
^^Invattor-ownad alactric ulJIItlas spant $2.8 billion on construction of 

diatribullon facllltlaa for 21,700 kW df naw capacity In 1975. 

(Sr«(/sr/ca/ Vaarboofr of f/ia C/acfr/ca/ Utility Industry for 1975.) 
^^Invastor-ownad utillllaa apant approximataly $1.59 blllldn In 1975 for 

distribution 0AM coata for 1.5x10'' kWH. (S(a(/s(/ca/ Vaarbook of 

r/ia £/ac(r/ca/ Uttllty'lndu9try for 1975.) 
^^Calculatad from tha avaraga cost of $400 par customar (privata 

.communication— Amarican Qas Aaaociatlon) with >an avaraga hot 

watar and apaca haating raqulramant of 36.4x10' kWh (121 MCF) par 

yaar and an assumad load factor of 0.4. 
I'aII natural gas utilltlaa apant $1.1 billion on diatribution O A M in 

1976 for 14.8 TCF {AGA Gas Facfs): 
^^Saavolumall. 

1'**Evaluallon ol tha Faaslbllity for WIdaapiraad Introducllon ol Coal In- 
to tha Rfaldantial and Commarclat Sactors.*' Exxon Rasaarch and 

' Englnatring Co., LIndan, N.J., Vol. II, .p. 0-11, Apr. 1977. Thfsa two 
studiaa giva a construction cost ol about $14 million lor tha siza 
systam In quastlort, which raqulras a paak capacity of 70,000 kW, aa 
shown by ralaranca in nota 20. 

^Annual 0AM coata ara calculatad by aaauming thay arc 3 parcant " 
of capital costs, which Is lha avaraga of th^ parcantagaa lor gaa and 
alactric systams. '''' 

^^Tha coat ol anargy lost In tranamltalon was aatlmatad uaing 
0.04c/kWh for alaclrlcity and 1.5c/kWh lor tharmal anargy. 
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UTILITIES AND SOLAR CQMMERC I L I ZAT I ON 

Utility participation in onsite generating facilities offers 
several advantages: 

1. The utility is in the best position to optimize the size 
and placement of all generating, storage, and transmission 
equipment in^the region; 

2. Utilities alone can compare the cost of energy from new 
onsite equipment with the cost of energy from new central 
f aci 1 i ti es--al 1 other owners will compare onsite costs 
with the lower, average cost of energy from all central 
generating facilities; 

3. Utilities can offer the equivalent of 100% financing for 
new generating plants (onsite or otherwise) and are able 
to raise capital for investments with long-term paybacks-- 
something which few other i-ns ti tut ions can do; 

4. Utilities already have maintenance crews and billing ser- 
vices, which could be expanded to cover the operation of 
onsite generating equipment. 

A number of these advantages cou Id be realized wi thout ut i 1 i ty 
ownership of onsite systems if care is taken in the design of 
utility rates. There should be no difficulty in constructing 
equipment capable of providing power to u ti 1 i ti es whi ch meets 
utility standards of voltage regulation and frequency control 
Or>e manufacturer (Gemini Company) of small inverter systems 
has sold (as of 1980) 65 units which are i n tegrated i n to 
utility systems, and quality of power has not been an issue. 

Muni ci pal util i ti es may be' able to play an important role in 
region„al planning for onsite solar energy systems and their 
access' to relatively low-cost capital may make municipal 
financing of solar, energy pro j ects attract i ve , 



Utility Attitudes 

There is no industrywide pos i t i on ei ther on the issue of onsite 
generation or on the question of utility ownership of such fa- 
cilities. Industry attitudes vary company by company, and the 
diversity of attitudes is due, at least in par,t, to the fact 
that many utility companies simply have not taken a close look 
atthe issue. 

Natural gas utilities have expressed the greatest recent in- 
terest in onsite solar facilities s i nee , s uppl i es of gas are 
diminishing and the companies are looking for new energy 
sources to replace natural gas in the future. Southern 
\ California Gas Company, for example, , has tested solar as- 

sisted gas heating for apartment buildings as one means of 
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conserving supplies and extending the life of the company's 
resources. Interest is not confined to gas companies. A 
recent survey found nearly 100 electric utilities which were 
initiating projects in solar heating and cooling.. The Elec- 
tric Power Research Institute has an extensive program in 
solar energy equipment. At least one electric utility has 
entered into an agreement with a local installer of ^olar hot 
water heaters, and a gas utility has , proposed changes in reg- 
ulations that would permit it to operate as a combined gas and 
sol ar uti 1 i ty . 

On the other hand, most of the utility companies surveyed for 
a General Electric study said they were reluctant to enter the 
business of selling thermal energy systems. Some indicated 
that it would .require too much di vers i fH ce^tion ; others cited 
problems with metering and other technical difficulties. 

A study conducted for the Federal Energy Administration found 
mixed opinions among uti 1 i ti es on expandi ng .,capaci ty by using 
conventional onsite generating equipment, primari ly cogeneration 
systems in factories and other generators of process heat. 
Exampl es i n,cl ude : . ^ 

1. A west-south-central utility which sells both steam and 
electricity. 

2. A Pacific coast utility, which has installed turbines at 
a paper mill, returns 1 ow- temperature steam to the mill, 
and pay^ $0,01 per kWh fdr eleciricity generated. 

3. A Verihont utility actively searching for cogeneration 
opportunities. , 

4. A Texas utility which stated fl atly that they were "not 
in the business of selling steam", and which turned down 
seyera-1 opportunities. 

Although utility attitudes may be changing, there have been 
scattered complaints that utilities have tried to thwart pri- 
vate companies intending to i nstal 1 onsi te generating ei^uip- 
ment. The Dow Chemical 'Company, reports, tha^t onsite industrial 
cogeneration "has been consistently discouraged by long-standing 
policies on the part of most pri va tely owne'd el ectri c utilities 
that have discouraged in every way. possible the genelratlon of 
electricity by any other type of organization. Relevant here 
are rate schedul es that favor large industrial users (whethjer , 
justified or not by "cost of serVice" ) # and heavy demand charges 
(charges levied even if no power is used) and that makes it- 
uneconomical to use the utility as a standby source backing 
up industrial power generation". . . 
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Energy Generation ' " ■ 

El ectri c « uti 1 i ty load patterns can be most convan,i en tly sum- , 
marized in wfiat is known as a "load-duration curve". The curve 
for a hypotheti car uti 1 i ty is shown in figure V-A-1. It ^hows* 
the number of hours per year the demand for electricity is 
greater than or equal to all demands from zero to the annual v, 
peak. For example, the figure shows that the power company 
in question ^had a maximum load of 100 MWe and a minimum load v 
of 25.0 nWe (i.e., the company produced at least 25.0 MWe for 
all 8760 hours of the year). The company met a load which w^s 
greater than or equal to 50 MWe for at least 3504 hours during 
the year. Loads will increase with each new year as a result 
of population growth and increases in the electricity consumed 
by each person. The increase in per ca^jita consumption is a 
result of a shift to el ectri c heati ng and other electric ap- 
pliances. 

If solar equipment is installed in a significant f racti on^iifeof 
the buildings served by a utility, the load pattern which it 
must meet could be significantly affected: Figure V-A-1 il- 
lustrates two extreme poss i bi 1 i ti es. It is assumed that curve 
1 indicates the load-duration curve which a utility coul'd ex- 
pect if no solar equipment were installed. If sol kr equi pmen t 
requi ri ng suppl ementary power during a utility's peak demand 
hours was installed, a 1 oad-dura t i on curye having raughly the 
shape of curve 2 would result. 

The amount of electricity sold would consequently be reduced, 
but costs would not be reduced .proportionately because a large 
fraction'of utility costs are independ'ent of the amount of 
electricity generated. In this case, a utility will have 
proportionately more peaking plants with relatively small 
capital costs. Unf ortuna tely , such plants are 1 ess eff i ci ent 
than large plants in both their fuel consumption and operating 
and maintenance expenses. Curve 3 indicates a situation where 
the solar equipment installed does not require supplementary 
power during the utility's peak demand hours. In this case, 
more efficient generating facilities (baseload plants and 
cycling plants) would be used to produce a greater fraction 
of the total utility load, resulting in a lower cost for each 
ki 1 owa tt- hour generated. 

In order to quantify both the extent of the impact ^nd wht^ther 
it is a^dverse or beneficial, it is necessary to construct a 
"typical" utility. From this, several load-duration curves 
for the utility's operation can be constructed for, say 1985, 
involving a^'variety of scenarios both with and without solar 
equipment. These hypothetical load-duration curves can then 
be used to determine the kinds of equipment utilities will have 
to install to meet the demand of their cust^omers, and the load 
factors for each piece of generating equipment. In turn, elec- 
tricity costs and the utility's fos*sil-fuel requirements can 
•'be estimated for each scenario. 
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Figure A Typical toad-Duration Curve for an Electric Utility 
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Stora g e Str a tegy 

Onsite solar electric devices integrated into electric utility 
grids provide a good example of some of the difficulties which 
can arise from local control over storage equipment. A ^olar 
electric system which is not connected to a utility grid would 
charge its batteries during the day and discharge its batteries 
during the night. This is precisely the wrong strategy of op- 
eration from the perspective of the electric utility since 
stor^ige devices owned by the utility would be charged during 
the night, when demands are low, and discharged during the 
* day when demands are greatest. 

There will be some overlap between the two operating strategies 
since both types of storage wou.ld be discharging near sunset 
^ and during, cloudy days, but it is clear that the storage equip- 
ment would be used to best effect if it were controlled by the 
utility. The advantage of using the solar electric devices to 
meet utility electric demands directly during the day (instead 
of sending it to be s tored ) i s 'ampl i f i ed by the fact that 
storage devices are typically only about 75-percent efficient. 
This logic could apply even is a very large fraction of the 
utility's energy were derived from solar sources, although in 
this case the strategy of operating individual storage systems 
would closely parallel the operation of utility storage. 



^ Economi c P i s patch 

Electric utilities now control the scheduling of^ their gene- 
rators via computer. This optimizes the efficiency of their - 
entire system on a mijiute- to-mi nute bas i s throug hou t the day. 
' ' As long as a relatively small number of a uti 1 i ty ' s customers 
are using solar equipment wliich can generate electricity, ino 
large-scale shift is necessary in current economic dispatch 
practices. The net load to the utility would fluctuate through- 
out the day, but current equipment and management schemes are 
adequate to handle the relatively large fluctuations that aV- 
ready occur with daily cycles, local weather variations, and 
industrial energy consumption. The uti 1 i ti es i ntervj^ewed by 
the General Electric Company indicated that special dispatch 
strategies would not be required, even if onsite generating 
devices were installed by 10 to 30% of their customers. 

The Dow Chemical Company's examination of industrial cogene- 
ration v/as "unable to identify any problems or potential prob- 
lems of transient stability attributable to dispersed industrial 
generation. The effect of , dispersed generati on c 1 os e to load 
centers is to improve system integration and stability prob- • 
lems". However, if di spatchi ng' or system stability became' a 
problem, the difficulty could be .resolved by using interrup- 
ti bl e servi ce devi ces . When onsite users were producing too 
much energy, for a utility's needs, the onsite devices could 
simply be d'i sconnected from the load. (The cost of this, could 
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be included in thq $100 per uni t ,ci ted for i n terrupt i bl e ser- 
vices meters.) It is also possible tha t "economi c dispatch of 
electric utilities could improve if a number of onsite gene- 
rating facilities were equipped with sufficient onsite storage 
of a fossil backup system. Dispatch is not a problem for 
systems relying on chemical fuels for backup. 



Load Management 

The performance of isolated and i nterconnected energy systems 
can be improved if control is exercised over devices which con- 
sume energy as well as over energy storage and generating equip 
ment. Clearly, energy consumers will want to exercise as much 
discretion as possible over the amount of energy they use and . 
when they use the energy, but they also may be willing to chang 
their consuming Kabits to some extent if they are required to 
pay Targe premiums for energy consumed du'ri ng peri ods when 
energy is relatively expensive to produce. Consumers may be 
willing to postpone or defer the use of appliances such as 
diswashers, disposals, clothes washers' and dry ers , and other 
equipment when electricity is e:xpensive. 

The utility can exerci se control through the use of "interrup- 
tible service" equipment when onsite equipment includes onsite 
storage. Such devices would permit the' utility to turn off 
water heaters and other appliances with storage capabilities 
during periods of peak demand. Equipment of thi^. type has been 
installed for relatively large-scale testing by .the Detroit 
Edison Company. If this equipment could ensure that onsite 
generating equipment (whether thermal 'or electric) purchases 
'backup power only during* offpeak periods, the cost of backup 
energy to the onsite customer might be reduced--perhaps to the 
point where energy could be bought and sold at the same rate. 
An experiment was recently conducted in Vermont in which these 
appliances were automatically turned off when utility rates 
were high. The customers were able to switch them back on 
again, but in most cases were willing to wait until rates fell, 
Wei 1 - i nsul ated water heaters ^-nd freezers are able to operate 
effectively even ijf their supplies of electricity are auto- 
matically shut off! during the day when el ectri ci ty. pri ces are 
high. Several cities in Germany have utilities which are able 
to exercise elaborate control over energy-consuming equipment. 
The central 1 oad-management computer can con trol both the 
generating equipment and electricity-consuming devices. The 
computer sends a signal down the electric wires which auto- 
matically shuts off industrial equipment, refrigerators^ water 
heaters, and otJier equipment where energy use can be deferred' 
cjuring peak periods. 

As was t'he case with the control over storage, however, the 
strategy of deferrin'g demand for energy will depend strongly 
on how the solar d'evices are conntected wi th other energy 



IX-S-120 



equipment. If the solar device operates in isolation, an at- 
tempt should be made to shift all demands for energy to periods 
when the sun is shining. If^an electric utility is used for 
backup power, however, it will usually be preferable to shift 
the demands which would require backup power to the late evening 



Of f peak El ectr i ci ty 

It is sometimes argued that electric utilities will be able to 
sell ''offpeak" electricity at a rate which covers only the cost 
of operating a large "baseload" plant and the relatively in- 
expensive fuels which can be used in these plants. Such rates 
are possible, but they must be considered promotional since, 
in effect, they subsidize the price of electricity during the 
night by charging daytime customers for all other uti 1 i ty cos ts . 
These costs are capital charges on generating plants and trans- 
mission and distribution systems, the costs of maintaining the 
transmission and di s tri buti on 1 i nes , and all other overhead 
costs-- i ncl udi ng the added cost of maintaining dual meters for 
daytime and nighttime rates. 

It is also important to recogni ze ^tha t there is not an un- 
limited supply of Z'offpeak" power available in a given utility. 
There are many possible uses for the power available at night, 
in additiion to storing heat for buildings. The power can be 
used to charge batteries for electric vehicles and yT other 
industrial procedures which can be deferred to use night rates. 
'The utilities may find that they require the "offpeak" night- 
time energy themselves to charge their. own storage devices, if 
utility storage must be u$ed as a replacement for the oil- and 
gas-fired generators now used to meet utility peaks. (The 
National Energy Plan places ma jor ^mphas i s on eliminating 
utility use of oil and gas.) And utilities must also make some 
use of offpeak periods to maintain their equipment.^ 



Transmission and Distribution of Electrical Energy 

Electric transmission and distribution is an expensive under- 
taking. Over half of the capital invested by electric utilities 
in the United States is invested in a massive network of trans- 
mission and distribution equipment. In recent years, the ratio 
between capital investment in felectric generating, transmission, 
and distribution equipment has fallen because of the rapid in- 
crease in the cost of generat i ng pi ants (see table V-2) . Each 
dollar now invested in genera ti ng equi pment i s accompani ed by 
a ^6(t investment in transmission equipment and a ZSj investment 
in distribution systems . The high cost of the el.ectri c trans- 
mission and distribution system is due ix\ part t6 the fact that 
the lines have relatively low load factors.* 

The electric transmission and distribution lines now in place 
are typically 90% efficient, but it is hoped that improved 
technology will lead to^overall efficiencies of 92.5% by the 
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year 2000. The improved efficiency, however 
add to the capital cost of the systems- 



will most likely 



The cost of maintaining transmission equipment can also be sub- 
stantial. In 1 974, the cost of operating and mai ntai-^ni ng the 
network of electric transmission and distribution lines owned 
by privately owned utilities in the United States exceeded the 
cost of operating and ma'^i ntai ni ng the generating facilities 
(fuel costs excepted). . ' 

In addition to direct costs, transmission lines can have serious 
environmental consequences. It is estimated that over 3 million 
acres will be 'required for new transmission lines -by 1990. Much 
of this construction will occur in scenic areas where opposi- 
tion is likely. . In addition, it is possible that the large 
electric fields produced by hi gh «voT tage transmi ssi on lines 
may be harmful. The question is being investigated and the 
results are inconclusive at this . time. 



Table V-2.-*Constructlon Expenses of Electric Companies 



1965 



196f 



1969 



1971 



1973 



1975 



1977 



Total investment (billions of 
dollars) ^ . . 



Other 



4.03 


6.12 


8.29 


11.89 


14.91 


15.09 


19.50 


32.3 


41.7 


48.1 


* 56.3 


58.9 


65.1 


68.3 


23.3 


21.5 


18.7 


15.2 


Il7 


11.5 


10.7 


39.4 


32.3 


29.2 


23.3 


22.6 


18.7 


15.7 


5.0 


4.4 


4.0 


5.1 , 


4.8 


4.7 


5.03 



SOURCE: EBASCO 1977 Business and Economic Charti (Ebaaco SarvlCM, Inc., New York, N.Y.) 



Transmission and Distribution of Thermal Energy 

Hot water and steam distribution systems used for heating build- 
ings typi cal ly have load factors of 33% (see^table V-1); Infor- 
mation on the efficiency of hot water, and steam transport systems 
is not available. Losses, are a strong function of the ground 
and fluid temperatures, the distances traveled, and the average 
size of the pipel;ines. Some recent steam distributfon systems, 
however, have experienced losses on the order of 15 to 20% and 
have created serious difficulties for the systems relying on • 
them. * , 



The cost of maintaining transmission equipment can also be sub- 
stantial. Annual maintanance costs for a small hot water 
di stri but i on system can amount to about 3% of the initial, cap- 
ital cost of the equipment. Maintaining steam systems may 
prove to be significantly more expensi ve . 
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Most hot water and process steam is consumed close to where it 
is generated, but a number of cities have s^ystems for distrib- 
uting steam to res i dences and industries. In the United States, 
many older systems have been abandoned, and few new systems are 
being, built. The Modul ar "I ntegrated Utilities System (MIUS) 
in Jersey City, N. J., 'is one of the few recent exceptions to 
this trend. The abandonment of steam distribution is due mostly 
to the overall decline of onsite generation. This tendency is 
reinforced by the fact that many older steam-distribution systems 
were not designed to return water to the generating plaint, as 
the turbines operated on untreated water. This procedure became 
impractical with the addition of 1 arge , high press ure , steam- 
generating facilities requ i r i ng , expens i ve water purification 
systems. ^Table V-3 estimates the capacities of distri.ct heating 
in the United States and abroad. On the other hand , . di s tri ct 
heating has been used much more extens i vely in Europe. For 
example, 30% of the residences in Denmark are connected to dis- 
trict heating systems. Sweden estimates that 70% of its multi- 
familty units and 20% of its single family homes will be connec- 
ted to district heating systems by 1980. West Germany plans 
to provide district heat to 25 to 30% of its dwellings by 1980.- 

The feasibility of using district heat i ng systems depends much 
on the density of dwelling units. A study conducted in con- 
nection with the MIUS project estimated that a garden apartment 
complex in the Philadelphia area (60 buildings with 12'apart- 
ment units per building) would cost about $410 per unit for 
heated water distribution and $330 per unit for chilled water. 
A MIUS system was actually installed in Jersey City, N.J., for 
approximately this amount. A prel itni nary estimate of the cost 
of a Jarge district heating system capable of serving a commun- 
ity of 30,000 people in a mixture of apartments and single 
family units indicates that the cost per unit for this dispersed 
system would be nearly three times as great. The ability of a 
system to amortize these costs depends on the cost of the energy 
sup^plied and the yearly energy demand of each building. A 
rul e-of-thumb applied until recently in West Germany was that a 
"breakeven" housing density was one which required 44 MW^/km^ 
for existing urban areas and 28 MW^/km^ for new developments. 
Recent increases in fuel prices, however, have led them to con- 
sider areas with demands as low as 14 MW^/km2. ; The^ garden apart- 
ments in the MIUS study had a demand of approximately 30 MW^/km^. 
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Tra nsrrii ssi on and Distribution of Chemical Energy 

Gas pipelines are typically 90% efficient, the losses beisng 
due primarily to the fact tfhat gas is withdrawn to run purrrps 
in the pipeline. The cost of maintaining transmission equip- 
m^ent can also be substantial. A summary of the costs for trans 
mitting and distributing energy o n 'ehemi cal form is contained 
in Table V-1 . 
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Table DIatrlct Heating Systems 



District Hsating Systsms In ths Unitsd Statss 

44 city systems New York 

Total steam sold (millions of pounds) 84,246 32,702 

Total steam delivered to system (millions of pounds) 96,672 38.469 

Annual system load factor 33% 370/0 

Number of customers (In thousands) 14,903 2,514 

Length of distribution system (In miles) 573 100 

Installed air-conditioning (tons) 666,051 569,945 



Nott: New York City has the largest American lyttem. Mllino nearly 10 billion kWn par year. The load It 30 percent reildenoee. 45 percent 

office buildings, 11 percent Industrial, and 13 percent Institutions. • 

SOURCE: OWc/«/ Proceeding, 60th Annual Meeting of the International District Heating Association, June 1969, pp. 22-30, quoted on p 24 
ofORNL'HUD-ig.lbld. 



Energy sold for district heat 
(millions of kWh) .... 

Units connected 



District Haating Abroad 



Sweden 
(1973) 



Denmark 
(1973) 



W. Germany 
(1973) 



12 14 38 

600,000 30% of dwellings 83,000 



U.S.S.R. 
(1971) 



1,100.000 
75% 



SOURCES: I.Q.C. Dryden, The Efficient Use of Energy, IPC Science and Technology Frees, 1975, p- 359. 
Quoted In Teploengetlka. Vol. 18, No. 12, 1971, pp. 2-5. 

W. Hcusz, and C. F. Mayer, "Energy Conservation: Is the Heat Storage Well the Kay?" Pu6Ue Utiiitiis fortnightiy, April 24. 1975. 
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Meteri ng 

No major technical barriers need to be overcome in designing 
meters or onsite energy equi pmen t , but new types of meters may 
have to be developed for this purpose. If a utility owns onsite 
equipment with thermal output, some technique must be found -for 
billing customers for the energy produced by the onsite device. 
One utility has suggested that the simplest technique would be 
to bill a customer on the basis of actual capital and mainte- 
nance costs, although meters capable of measuring the energy 
generated by solar thermal systems of various sizes are avail- 
able. For example, the Electron Advancement Corporation sells 
meters measuring 140° to ISO^F water at flow rates of 30 to 100 
gpm at a price. of $400 to $500 (price list Feb. 9, 1977). An 
electric utility in Florda is using such Btu meters on solar 
hot water heaters installed under i ts^auspi ces . 

The metering problems of onsite electric genejpating systems 
depend on the nature of the customers relationship with the 
local utility. If the utility is willing to purchase energy 
at the same price as it sells energy to onsite users (or if it 
owns the generating equipment itself), it may not be necessary 
to charge metering systems--because conventional meters can 
subtract from the net energy account when energy is purchased.. 
This practic is currently permitted in several New England 
States on an experimental basis. In cases where energy is sold 
at a different price from that purchased, dual meters will be 
required--Wi th' one ratchet to read saTes to the customer and 
one ratchet to read purchases from the^ customer. 



Local Distribution Capacity^ 

One potential technical difficulty, identified in the General 
Electric study, is the possibility that onsite units which' 
feed electricity back into the power distribution grid. would 
exceed the capacity of the lines and transformers serving the 
area. It is unlikely that onsite units would produce "excess 
power for sale at a rate high enough to- exceed the peak pub- - 
chases of the onsite customer. There could be some problems , 
in older communities, where di stri buti on systems were installed 
without considering the possibility that- a substantial number 
of residences might be equipped w1 th . al 1 -el ectri c systems.. A 
typical distribution system, however, .should be able to accom- 
modate the output of residential photovoltaic systems without 
major changes in transformers or lines. ' r 
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RATES AND COSTS 

The price a customer pays for electricity seldom directly re- 
flects the cost of producing it. In the absence of widespread 
time-of-day metering, billings areusually based on f brmul as 
that allocate peak costs of energy and total montly consump- 
tion according to the historical demand patterns of different, 
categories of customers. 

D eclining Block Rate 

The most common residential electric rate is the "declining 
block rate", under which customers are charged a fixed fee for 
monthly service, with declining rates for each incremental block 
of energy consurped beyond the amount covered by the fixed fee. 
For example, t-ffe formula might call for a charge of $3'for the 
first kilowatt hour (kWh), $0.04 per kWh for the next 100 kWh, 
and $0.03 per kWh for the next 200. The declining block rate 
wa^s .introduced when marginal costs for electric utilities were 
declining and u ti 1 i ti es were encouraging customers to use more 
electricity. Another frequent practice, designed- to increase 
sales of el ectr i ci ty , i s to reduce rates if a house or com- 
mercial building is "all electric". 

Utilities justify using these rates in today's market by arguing 
that all-electric customers are more likely to use electricity 
during the night for heating and cooling than are other types 
of residential customers, who use electricity for lighting 
and other purposes during peak hours. The wisdom of continuing 
a promoti onal rate schedule in aperiod of'declining energy 
reserves, however, has been seriously questioned in many 
quarters. President Carter's proposed National Energy Plan 
would have flatly prohibited declining block rates. 

Declining block rates can discourage the use of onsite' solar 
power because a large part of a customer's utility bill is 
based on the first few kWh delivered, power which would probably 
notbereplacedwithsolar energy. 



Peak Demand ' 

Larger utility customers are frequently charged on the basis of 
their "peak demand" duri ng some specified period. Such rates 
are designed to achieve a more direct relationship between cop- 
sumption and the net generating capaci ty ' that must be installed 
to meet the customer ' s requirements.. Techniques f or determi ni ng 
peak demand vary greatly. Some utilities charge according to the 
peak demand during the previous 6 months, some take the lesser of 
monthly peak demands, and some percentage of annual demand, and 
^others charge on the basis of spot measurements of demand made 
without advance notice. 
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The impact of such demand rates on customers with onsite facil- 
ities can be very great. In some cases, a demand charge could 
be so high that a purchase of energy at high rates, when onsite 
equipment failed or when cloudy weather persisted, could negate 
any. savings attributable to the onsite equipment for an entire 
year. The justice of such charges .i s a difficult issue , to re- 
solve. Providing power to backup random failures of onsite 
equipment amon^a, large number of small customers can clearly 
be managed wi thout a large increase in a utility's generating 
capacity. Relatively high backup charges might be justified, 
however, if all of these custom^ers abruptly demanded batkup 
power during a prolonged s^tretch of adverse weather. 

Some utilities have considered applying demand charges to resi-. 
dential customers to cover some of the market losses that would 
be inevitable with widespread installation of onsite solar gen- 
erators. One such proposal by the Public Service Co., a Colorado 
utility, was fiercely opposed by so-lar customers, who calculated- 
that under such a rate structure a solar heating system that re- 
duced energy requirements by 70% would reduce electric bills by 
only 35%. The Colorado Utility Commission initially granted the 
utility's request for the rate change, but reversed the decision 
following a rehearing and ruled that the issue was suffi'ciently 
complex to be addressed in a generic rate hearing. 



Standby Service • 

Still another rate structure is designed to provide standby 
service to customers who do not use electricity under normal 
"circumstances, although these ratps would not apply to solar 
customers under the current definition of "standby power". If 
the definition were changed to cover onsite facility owners, 
however, the high minimum monthly charge associated with standby 
rates would not be advantageous to customers with onsite solar 
facilities. 



Lifeline Rates " ' ' 

Lifeline rates have been adopted in a few states. Under this 
system, the charge is low for the first units of energy. The 
goal is to ease the burden on low-income, consumers. ..Some au- 
thorities, however, question whether the lifeline concept is 
an effective method to aid lower income groups since these 
persons often consujne realtively high amounts of energy. 

This rate may incidentally benefit solar users whose needs 
for supplemental sources of energy are small enough to fall ^ 
within the "lifeline" amount. ' 
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. Interr.upti b1 e Rates 



Another type of utility pricing is i nterrupti bl e rates. This, 
traditionally has bpen available only to i ndustri es willing to 
accept the risk of service interruptions in return for lower 
costs. Some studies have pointed out that a solar user willifig 
to accept the risk of going without utility service on infre- 
quent occasions could save the utility substantial amounts in 
capital requirements, justifying a lower rate. If the peak 
occurred only rarely, this alternative migji4^ be considerably 
less expensive than additional units of storage or collector 
area. The National Energy Plan proposes that uti 1 i ty companies 
be "required" to offer i nterrupti bl e rates to all customers. 



Ti me- of -Day Pricing 

Some of the advantages of connecting energy generating and con- 
^suming devices with a common energy --transporta system cannot be / 
realized if control over the equipment is not exercised by a 
central authority capable of opti mi zi ng t he performance of the 
integrated system. This control can-be exercised directly by 
a utility if it owns all of the storage and generating equip-.' 
ment in a system, but it can be exercised indirectly by such, 
approaches as time-of-day pricing. For example, with time-of- 
day pricing, the costs of non-optimum performance of equipment 
not owned by the utility would be communicated to the owners of 
this equipment through higher prices for energy consumed for 
backup power and Tower rates for any energy sold to the utility. 
The electric rates now in effect in most parts of the United 
States, however, do not have the effect of enforcing optimum 
allocations Between onsite and centralized generating equi pment . 
In fact, many of the current rates tend to discourage onsite 
generation in spite of potential cost savings. 

Figure V-1 illustrates the dramatic change in el ectri ci ty con- 
sumption in Great Britain which occurred after a time-of-day 
electric rate was imposed. Before the rate was introduced, 
very little electricity was consumed during the night and an 
enormous in^c-rease occurred in the morning when electric heaters 
and other equipment were turned on. After the variable rate 
was introduced, many consumers purchased onsi te thermal storage 
devices which could be charged during the night, and used to heat 
buildings during the day. The result was a much more uniform 
pattern of energy consumption. ^ ' 
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Figure V-l.T-lmprovemont in thjS Pattern of 
Electricity Consumption in England's South 
Western Electricity Board Resulting From a 
Shift to Time-of-Day Electricity Rates 
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SOURCE: 

Ashbury, J.G. and A. Kouvalls, El&ctric.Stofg9 H99tlng: Th9 Bx- 
periencB in England and Wales and in tha Fadarat RapubUc ot 
Garmany", Argonne National Laboratory, Energy and En- 
vironmtntat Systprnt Division ANUES-50 1976 p. 14 



Selling Energy to. a Utility , 

As of to(^ay, few utilities are willing to purchase power from 
customers, although special arrangements have been made with / ■ 
several large industrial customers. In some cases,* the price 
the utility pays for surplus power reflects only, the cost of 
the fuel the utility would burn to generate an equivalent amount 
of energy. In other cases, the pr i ce reflects both fuel costs 
and the cost of equipment the utility would have to install to 
generate the power. However, there are so few arrangements for 
sale of surplus power that xlear patterns are difficult to 
i denti fy . Southern Cal i f orni a Edi son ^ Co . , for exampl e , recently 
proposed a rate schedule under wh ich * i t would buy energy from 
large i ndustri aT customers aJ: "the lowest cost of energy pro- 
vi ded by any generati ng equi pment i n the Bonnevi 1 1 e Power D1 s- 
trict". This is about- 3 mills ""per kWh, a rate that reflects a 
minimum energy displacement fee. However, in the same pro- ' 
posal the utility offered to purchase energy from a limited 
number of residential ahd small commerci al^ f aci 1 i t i es at a ra.te 
that is essentially identical to the rate the utility charges ,; 
residential customers. The Gemini Co^ , which sells devices to 
connect onsite wind generators and other equipment to utility 
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distribution" lines, identifies widely varying patterns of pro- 
posed surpl US-power pri ces . Some New England utilities are 
willing to buy electricity at their own sales price because 
fuel' represents a large fraction of their overall costs. Util- 
ities with low baseload fuel costs have been more reluctant to 
buy surplus power. 

REG ULATION AKD CONTROL . 

~ : ' . ■ ^ . 

state laws and regulations governing the relationship between 
private and public utility companies and the owners of onsite 
generating equipment are complex, and frequently ambi guous ,. 
largely because these problems have seldom been addressed by 
regulatory commissions. In the small number of cases where 
utilities and industries exchange el ectri cal power or process 
heat, contracts have generally been written in ways benefiting 
both parties so that no lawsuits have been brought forcing the 
courts ta rulje on ambiguities in the law. ■ 

Perhaps the most crucial question in utility regulation is 
whether utilities may adopt rates or service polici,es that 
unfairly discriminate against so-lar customers requi r i ng uti 1 1 ty 
power as backup . 

The answer appears to be that current laws will permit discrim- 
inatory rates for sol ar customers .i f the utility can prove that 
the cost of providing service to solar customers exceeds the 
'"^ cost of provi-ding service to other customers. Although it 

cannot arbitrarily set prices or refuse service in an effort to 
eliminate competi ti on. f rom solar devices, the burden of proving 
such discrimination fliay fall on the solar customer. 

%■ 

Difficulties are likely to occur only when an electric utility 
is involved, since gas utilities would , i n general , not.be 
adversely' affected by a need to provide backup service to onsite 
" facilities. Calculating a rate for both the purchase and sale 
of el-ectric energy to a utility is an extremely complex problem. 



Regulations Covering Discrimination ■ 

The rates summarized previously were, except for Colorado, not 
designed to discriminate against solar equipment, although their 
impact is not diminished bythe lack of an intent to discriminate. 
One of the rtiajor purposes, for publ i c regulation of electric util-^ 
i'ties is the prevention of unreasonable discrimination or undue 
preferences." Nearly every State has^a statute prohibiting con- 
duct that favors one class of customer while harming another. 
Typical statutes proscribe policies that are "unreasonable", 
"unjust", "undue", or "unlawful". .Discrimination is a question 
• , of fact to be determined on a case-by-case basis by the State 
utility commission, and it is very difficult to predict Pre- 
cisely how any given discriminatory practice \)jill be analyzed>. 

■ y ■ 
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As previously shown/ determining fair rates for electric utility 
power is an extremely di f f i cu 1 t proces s . Uneven solar demands 
on the utility can result in realtiv.ely poor utilization of 
expensive- generating and transmission equipment y^but it must 
be recognized that demands imposed by many npnsjpar customers 
are also very irregular.; the only fair measure Wf the cost of 
providing backup power to an onsite sol ar f aci 1 i ty i s to ac- 
curately - compute the marginal utility costs incurred in pro- 
viding such^backup. . \ - 

The parallel question involving a determination of the rate 
which the utilities can be expected to pay for excess onsite 
power offered for sale i s equal ly. di ffi cul t ; several very sen- 
sitive issues mu§t be resolved. For ekample, how should the . 
costs of transmission lines be al 1 ocated between the price of/ 
utility sales arid the price charged by onsite generator's. ^ 
Should the utility be expected to purchase energy at rates . 
reflecting the marginal cost of providing the same amount ofv 
energy from n^w utility equipment or simply for the average 
cost of utility power generated. It will usually not be pos- 
sible for utilities to pay a rate high enough to meet typical - 
i ndustri al revenue requirements on capital i nves ted '^i n new 
energy projects. It is possi bl e , however, that special rates- 
could be "established which. would periT]it utility purchases at 
requi red ' rates , and it also is possi bl e tha t , " i f a utility could 
sign a contract with a f i rm guaranteei ng purchases over 10 to 
20 years, the firm could accept a smaller rate of return on 
funds in*^ested in the generating equipment. 

In general, the cases and State u ti 1 i ty deci s i ons suggest that 
utilities have substantial freedom to treat different clashes 
of customers di f f erent ly . Two general principles emerge: (1) 
preferential treatment is more acceptable if it produces in- 
direct benefits to all customers; and (2) u ti 1 i ties may treat 
customers differently ifthereis a reason a bleeconomic basis 
for doing so, that is^ costs to the utility are clearly dif- 
ferent. For example, discrimination in favor of solar users 
that would reduce rates. for all customers by reducing the 
utility's costs would be acceptable. 
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It seems clear that public utilities may discriminate eithj^r 
against or in favor of onsite solar tksers if the discrimination 
either benefits all customers or is baV^ upon a reasonable 
economic basis. Di scrimijiati on could beN^ither as service 
practices (e.g.^ specific times at which babJQjp power could be 
used) or as rate practices (e.g., higher rates^foV less energy 
u>se ) . , ^ ^ 

A public utility is subject to State regulation in addtion to 
anti -di scr i mi na ti on laws, by virtue of being a public utility. 
Fundaiiental to the concept of a public utili^ty is its dedication 
oT property to serve the public wilfhout discrimination. Almost 
every State has a statutofvy provision requiring utilities to 
"furnish adequate and safe service", "provide such service,^ 
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instrumentalities, and facilities as shall be safe aitd adequate 
and in all respects just and reasonable" or "f urni sh 'reasopabTe 
adequate service and facilities". 

A public utility "may not pick and ,choose, serving anly the 
• ' portions of the territory covered by their franchises which it^ 
is presently profitable for them to serve". As with most issues 
in public utility regulat-ion, the duty-to-serve requirement is 
interpreted on a case-by-case basis with "reasonabl eness " • and 
- * the "public interest" as the touchstones. 

^A public utility cannot refuse to prov i de* bac^kup power tO'Onsite 
* f aci 1 i ti es unless it can demonstrate a compel 1 i ng case that 
b-ackup seryice would cause ' subs ta.nti al harm to the utility's 
existing customers. Refusal to provi de-. gerVi ce Would violate 
not only Federal antitrust l^iws, but also'the utility's commpn 
law and statutory duty to provi de - uti 1 i ty service. Of course, 
the duty to- provi de adequate servi ce ^has some limits; utilities 
may be excused from providing servi de^ when prevented by acts of 
' ' God, labor disputes, and shortages af fuel supply. In some ca^es, 
utilities have been excused from providing service where to do 
•^0 wauld be anusuaTly expensive, although there" is substantial 
precedent to the contrary.-" ' ' 

These -laws would not, however, prevent adoption of a policy which 
would discriminate against new utility customers who did not use 
solar equipment. Exis.ting statutes appear to permit a regula-— - 
tion which would prevent a utility from-provi ding ' new service to 
a customer not u^ing solar energy eq^li i pment. , 

Some Spates have taken measures^^ to restrict gas to-'^certa i-n cus-'^ 
tomers' or to eliminate its avaii abi 1 i ty f or some uses. For ex-, 
ample. New; York banned the use of gas i n swimming pool s and 
in buildings without adequate insulation. A few States have 
banned its use i n .decora ti ve "1 i ghti ng . 

The legal principles involved in ra te' regul a t i on are. similar to 
those discussed f or' servi ce* di scrimi nati on . the same prohibi- \ 
tipns oil di scTimjiw^i^ng among cus tom.er categori es ap^ly,^as to 
the ambiguities'^snoNfl^i^j^^^^ "discrimination".- • 

A rate structure that adverse^ affects solar energy .users j ; 
however, may be difficult H-Jdhallenge under curren^t case 1 aw\ , 
Several cases have upheld the legiality of rate structures ^that 
subsidize a parti cul ar * cl ass of customers (al 1 -el ectri c customers) 
despite anti di scrimi nati onM aws . In 1965, a court interpreted . 
an antidiscrimination statute as *baVri^ng only "unjust" discrimi- 
nations, and concluded that only arbitrary discriminations are 
unjust: " * 

_ If the difference in rates is based upon a reasonable 
and fair difference in cgnditions which equita()Ty^ and* 
logically' justify a d-ifferent rate, it is not 'an 'unjust, 
discrimination. " - 
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Part of the difficulty results from the fact that the utility^ 
can argue that, its cost structure justifies a discriminatory 
rate and the challenger is hard-pressed to rebut the e^xtensive - 
analysis which can *be conducted the utility about its unique 
cost structure , a1 though in c^ses requiring a calculation of a 
fair back'up charge for solar energy (and a fair price to pay 
for excess onsite energy) utilities can be confused as the 
interveners. 

* Until the la^te 1 960'S5 cost per unit of electricity for at 
least some types of powerplants declined steadily. Utilities 
could therefore argue that promotional rate structures would, 
over time, bring new businesses that would justify additional 
powerplants. These new p'lants would then lower the bills of 
all customers of the utility. More recehtly^ the- lack of new 
sites for low-cost hydroelectric power, changes in regulatory 
practices, and increased environmental costs have forced the 
costofnewpowertorisesteadily. 

In these circumstances, promotional rates lose much of their 
appeal. A New York court recognized -the common impact of rising 
fuel'^'prices in.arecent decision overturni ng. el subsidy for 
all-electric homeowners. The subsidy, which was to run for a 
year, was intended to lessen the impact of higher el ectri c rates 
on res^idential customers who had previously been induced to bi^y 
all-electric homes by favorable rate^S. ' The court held that the^ 
subsidy "cons ti tuted *undue preference anti advantage" in violation, 
of the State antidiscrimination laws.' 

Several utility commissions hav^ already authorized programs to 
finance the installation of insulation to conserve natural gas. 
Since it can be reasonably claimed that conservation by some 
consumers contributes to the eve'ntual economic benefit of all, 
earlier precedent in support of promotional practices should be 
applicable. Some States have adopted 1 eg.i»s 1 a ti on specifically 
ay thori zi ng canservati on programs,, eliminating any doubt about 
^ their validity. ^ " 

If rate struttures that encourage conservation are valid and " 
mandated, subsidies for use of sol ar^ ener-gy , which employ a 
non-depl etabl e , nonpol 1 uti hg energy source, should also be 
valid. Use of solar ene^rgy is supported by the same public 
inter'est and public policy as conserVati on- -decreased use of 
fossil fuels. 

State antidiscrimination statutes are ^not the only factor to 
consider in discriminatory practices by utilities. The Federal 
antitrust laws may also outlaw rates or services that single out 
the owners of solar, energy systems for spejCi al treatment . The 
longstanding anti trust exemption for^State action will not 
to%ky\y immunize public utilities from antitrust liability^ 
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There are several grounds on which utility rate and service 
discirimination toward solar users could be deemed anticompetitive, 
and therefore a violatioTi of antitrust l^ws . A. utility may be 
deemed a monopoly if it charges a very high price or even refuses 
to provide backup service to solar custbrpers. An antitrust vio- 
lation might odlsp be found if a .utility subsidizes its entrance 
into the solar heating and cooling market by distributing its 
losses across all utility customers, giving it an overwhelming 
advantage . 

Such conduct could be viewed as temporary, pri ce-cutti ng to put 
rival solar firms out of business. Or, it might be viewed as 
an illegal ty i ng arrangement i n s i tuati ons where a solar cus - 
tomer's receipt of favorable treatment is conditioned on his 
acceptance of the utility service. ^. , 

The conference committee on the National Energy Act has, at this 
writing, taken steps toward resolving these rate issues, but 
failed to completely clarify the si tuati on . While m6st of the 
President's proposals for dictating rate reform at the Federal 
level failed to gain conference approval, the conferees did allow:> 
the Federal Energy Regulatory Commission (FERC) to p)rescribe rules 
requiring electric utilities to offer to sell power to or to buy 
power from qual i fy i ng cogenerators or small power producers and 
prevent discrimination against such producers. (Small power 
producers in this case are. f aci 1 i ti es generating less than 8*0 
megawatts from solid was te" or renewabl e^ resources ; the defini- 
tion of a qualifying generator is left to the FERC.) While this 
provision permits Federal regulation of the relationship between 
utilit4es and small sol ar , generati ng facilities, it leaves the- 
difficult problem of determing just rates up to the FERC. 

The Public Utilities Regulatory Policies Act of 1978 

On November 9, 1978, Congress passed the National Energy Act 
(NEA), which included five separate statutes, one of which was 
the Public Utilities Regulatory Policies Act (PURPA). In the 
past,^ electric and natural gas utility rates were based upon a 
weighted average of historical costs of capital and energy. 
Many utilities also had declining block rate structures : each 
succeeding block of energy was less expensive than the preceding 
block. When .fuels were relatively inexpensive, and additional 
quantities of energy to the same customer would be supplied 
cheaply, these rate structures accurately reflected the cost, 
of serving consumers. However, fuel costs have increased 
rapidly and significantly in the interim* and conservation has . 
been given pri or ity . 

A second difficulty created by the utilijty pri ci ng ^techniques 
was that a large fractian of the hous i ng^ s,tock, was constructed)^ 
based upon these arti f i caVty^'^^+r^^ rates. Consequently ^ homes ' 
were designed to use large quantities of energy for heating ancfc^ 
air conditioning. This exacerbated peak energy requi remer^ts 
and made the serving of peak energy demands even more expensive. 
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However, utility rates did not distinguish between peak energy 
usage, which was more expensive to supply, an^ nonpeak usage, 
which could be served more cheaply.. Thus, utility rates did 
not accurately refl'ect either the cost of service to consumers 
or rapidly rising energy prices. 

The Public Utilities Regtil ator:^^ Policies Act (PURPA) focuses 
upon electric and natural gas utility rate structures. Through 
use of regulations, PURPA requires that utility rate structures 
reflect the true cost of providing service to each class of con- 
sumer. Although rates may still be based upon historic costs 
(so that consu^ners will benefit from previous installations ol" 
rel ati vely i nexpensi ve plant capaci ty ) , uti 1 i ti es are requi red 
to consider rate structures which reflect the fact that peak 
period energy is more expensive to supply than off-peak energy. 

^Thus, Section 111 of PURPA suggest that utilities consider 
seasonal and time-of-day rates. These rate structures should 
allow solar energy systems to compete more effectively with 
natural gas and el ectri ci'ty . Since utility rates will more, 
accurately reflect the cpst of service, potential solar energy 
investors can more' effi ci ently assess the alternatives. 

■ * ' ■ - * ■ . 

Section 202 of PURPA^will allow for the possibility that go- 

. generators and small power producers may be connected, to the 
utility. Section 210 i ndi cates that public utilities must 
offer to exchange (buy and sell) energy with such intercon- 
nected systems. This reduces the uncertainty of operating a 
solar energy system. By being guaranteed that some form of 
backup--el ectrici ty or natural gas--will be supp-lied by a 
utility, and that any excess energy generated by the soTar 
energy system will be purchased by the utility, users are pro- 
vided with' a more certain supply of energy. 

Regulations based upon these sections will improve the effi- 
ciency of energy usage and encourage choices among energy 
systems that are based upon economic opportunity costs. Such 
regulations will reduce the uncertainty associated wHth owner- 
ship of a st)lar energy system and make other energy supply 
systems (electricity and, natural gas) reflect costs of service 
more accurately. 

■*< 

However, there may be some equi ty. probl ems associated with these 
> regulations. When a solar energy system is connected to an 
e^lectric ut i 1 i ty , i t may not sell el ectri ci ty back to the util- 
ity at a price greater than the utility would have paid for 
power from another source (its' avoided costs). BuJ solar energy 
users may also be allowed to buy electricity from the utility 
■grid at the rates that other consumers are paying. If consump- 
tion rates are based upon historical cost and selling rates are 
based upon ayoi ded cos t , thi s discrepancy could work to the 
advantage of* the solar energy owner. While this would ob- 
biously encourage solar energy usage, it could also mean that 
nonsoTar energy asers would be subsidizing those using solar 
energy . . ^ - ^ , ^ 
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Title IV of RURPA uses financial incentives to promote hydro-, 
electric power projects. - Loans are used to make hydroelectric 
projects more attractive relative to the alternatives. If 
solar energy systems and hydroelectric projects are complements 
(i.e., if solar energy systems are used to pump Water up into 
a hydroelectric storage facility, for use at a later time) 
such financial assistance will improve the viability'of solar^ 
systems as well as hydroelectric facilities. However, to tl^e' 
extent that hydropower and solar energy output are substitutes 
(i.e., both can be used to meet peak energy demands ) , then such - 
assistance to pumped hydro will reduce the viability of solar 
energy systems. 

Another portion of PURPA (Title VI) authorizes the development - 
of an information program. Funds are provided to aid the National 
Association of Regulatary Utilities Commissioners in creating 
an institute that will collect, develop^, and make available 
research on utility regulatory issues. 



The Pow erplant and Industrial Fuel Use Act of J9Z8 

Another statute of the National Energy Act of 1978 was the 
Powerplant and Industrial Fuel Use Act (PIFUA) . . Thi s statute 
resty^icts the use of petroleum and natural gas by electric 
utilities and major fuel-burning installations. By reducing the 
use of these eneirgy sy.stems, the act seeks to encourage utili- 
zation of domestically abundant coal and renewable energy 
sources. However, usage restrictions also impose costs upon 
utilities, indusj:ries, and their customers. Thus, while in- 
dustry and utilTties may* be forced to seek out renewable forms 
of energy, the cost of such a shift, may be very significant. 



Owner'ship of Onsite Equipment 

The complex rates required lo encourage design' of onsite equip- 
ment best suited far the energy network of which it is a part, 
would, of course, be obviated if utilities owrted the onisite 
systems outright. While there clearly are disadvantage's as- 
sociated . wi th expanding the monopoly position of utilities, 
there are a. number of reas.ons for believing that utility 
ownership of onsite solar equipment may be attractive in many 
circumstances. 

1. Utilities are uniquely able to optimize the mix of gene- 
rating and storage equipment in their service areaand to 
develop control strategies for minimizing overall utility 
costs; (Thi s coul d , of course, also be done by a- company 
owning only transmission and distribution equipment.) 

2. Utilities compare the cost of energy derived^ from new solar 
equipment to the cost of generating energy from new elec- 
tric-generating equipment or the marginal cost of gas from 
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ftew sources, while all other solar owners must compare solar 
costs to the lower imbedded costs of energy which determine 
commercial rates. 

3. Utilities are probably better able to raise large amounts 
of capital for longterm energy investments than any other 
type of organization. 

As the statistics in table V-4 indicate, electric utilities 
require several times more capital per dollar of sales than 
typical industrial firms (al though the capi tal inten^sity 
h^as declined rapidly in recent years because of the rapid 
increase in fuel costs). 



Table V-4 — The Capital Intensity of Major U.S. Industries 
(Dollars of plant to secure $1.00 of revenue) . 

— ^ — . . • '.f 



Investor-owned electric companies: (1965) - - - - 4.51 

(1970) - - - - 4.39 

- (1975) - - - - 3.20 

(1977, e^st)- - 2.96 

Bell Telephone System (1971) ----- - - 2.95 

10 major railroads (1971) - 2.48 - 

Gas transmission companies (1971) -------- 2.43 

Gas distribution companies (1971) -------- 1.62 

10 major integrated oil companies (1971)- - - - - 1.25 

500 diversified industrial companies (1971) 0.87 

50 major retailers (1971) 0.43 
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SOURCES: National Gas Survey , ,U . S . Federal Power Com- 
mission. Ebasco Services Incorporated (New 
York, N.Y.), 1977 

Business and Economic Charts; p. 28 

At the end of 1974, el ectr i c ut i 1 i t i es owned approximately 
$150 billion in plants and equi pment--nearly 20 percent of 
all business pi an t equ i pmen t in the United States.- 

An ability to raise capital for long-term investments is 
particularly critical* for solar eni^rgy devi ces since solar 
energy is very capital-intensive and typically requires a 
number of years to return the initial investment. 

Utiliti'es, therefore, may be uniquely able to provide 
initial Capital for solar devices in situations where in- 
dividuals (particularly i ndi vi dual s i n lower income groups) 
and organizations may find the capital requirements pro- 
hibitive. 

Reserves in the stock market, uncertainties about the future 
of the energy industry, and difficulties in obtai ni ng rate 
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changes from util i ty*^commissions have, however; made it 
progressively more difficult f or u t*i 1 i t i es to raise capital 
»i n recent years . • V 

4. Utility capital tends to be less expensive than capital re- 
quired by mo„re speculative industries, 

A typical utility can raise 50 percent of its capital from 
debt— -while most manufacturers rely on debt for only 10 to 
15 percent of new investment capital, the remainder of the 
-capital bei ng purchased at higher rates from investors. 

Utility capital costs may, however, be higher than those 
experienced by homeowners and can be higher than th6 co^t 
o.f capital available for financing typical residential and 
commercial buildings. A homeowner earni ng a tax-free re- 
turn of 10 percent on capital invested in "solar energy 
equipment may be well satisfied. This advantage is moot, 
of course, if the individual is unable to raise any cap- 
ital for the project at allv 

5. Utilities are already in the business of selling energy 

and have the required infrastructure for billing, marketing, 
and repairing equipment. Some potential owners of onsite 
devices have been wary of investing in equipment which might 
lead them to unfamiliar maintenance problems or the hiring 
of special i'zed personnel, 

6. Utility ownership orniarjce ti ng of solar equi^pment and a 
willingness to stand behind the equipment once installed 
could increase con sumer conf i dence i n the equi pmen t . 

There is some ambiguity, however, about whether utility owner- 
ship of small energy equipment would be^permitted by Federal 
antitrust statutes. 



Ownership of Onsite Equipment Ambiguity of Definition 

Most State statutes define a public utility to include any per- 
son, corporation, partnership, association, or other legal en- 
tity and thei r vari ous representatives. A sol ar f aci I'i ty owned 
by a landlord, or a private property owner, as well as any 
partnership or corporate entity would qualify as a public 
utility, if the other qualifications aremet. 

Where there is no sale of electric power involved, but rather 
the owner and user are the same legal entity. State regulations 
govern. Federal regul ations concern only the wholesale rate 
for interstate electricity sales. Rarely will owner-used 
energy be subject to Federal regulation as a public utility. 
This is true whether the owner is a single family, a joint 
venture composed of the various users, or a corporation which 
supplies its own corporate needs. 
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Where the owner is not the sole user. State Statutes vary. The 
general rule is that a company which supplies energy "to the 
public" will found to be a public utility, whereas a, device 
which is not producing energy for public use wfll escape utility 
regulations. Law in this area is very unclear and the ambiguity 
may be a barrier to the introduction of solar e<juipinent. 

A facility can be judged to be dedicated to "public uae" if 
its owners: ( 1 )' demons trate a willingness to serve' an wh'o 
request service; (2) voluntariy submit to State regulation; 
(3) attempt to exercise the power of emi nent domai n . 

Even activities which do not clearly involve a dedication to 
public use may be declared by the courts to be "so affected 
with the publ ic i nteres t" that uti 1 i ty commi ssion jurisdiction 
is justified.- In one recent case, the owner of a shopping 
center was not allowed to sell energy to stores in the shopping 
center without being regulated as a utility. ^ 

If an onsite solar system is found to be a pubTi c, u ti 1 i ty , it 
must file reports^and accounts, serve all customers who demand 
service within a given area, submit its rate schedules to the, 
utility commission for approval, continue providing' service 
until given permission to discontinue, provide safe^ and ade- 
quate service, comply with limitations on the issuance of 
securities, and apply for certificates of public convenience 
and necessity. State utility regulatory statutes universally^ 
require that every public utility obtain a certificate before 
beginning operation or even construction of its equipment. 
Meeting these requirements would be a prohibitive burden for 
most potential owners of solar equipment, since the proceedings 
are frequently long and expensive. 

Even if a solar owner were willing to undertake the trouble and 
expense to file as a utility, he would have to recognize that 
an existing utility will be able to mai ntai n^^^a monopoly in its 
geographical area unless the courts determi ne^ tha t public con- 
venience anid necessity require otherwise. A new utility is 
therefore rarely permitted in an area already served by an 
existing utility. Even where the existing utility is providing 
woefully inadequate and inefficient service, it will be per- 
mitted to exercise monopoly control over its siervice area if 
it promises to correct its shortcomings. 

The initial factor in determination ofMvhether an onsite solar 
system in a public utility is who owns ^the system? Ownership 
can range from the privately owned solar system on a privately 
owned residence, to cooperatively owned systems for a small 
community, to a corporate-owned colle.ctor field on corporately 
leased or publicly owned property, to utility-owned systems on 
private residences. Clearly, somewhere in the continuum of 
owners the ons i te solar f aci 1 i ty and its owners become subject 
to regulation as a public utility. 
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Owner ship o.f Onsite Equipment Electricity, Steam or Heat ? * 

Another factor . in jietermining whether an onsite solar use is 
subject to regulation as a public utility is the form in which 
energy is supplied to the users electricity, thermal energy 
(steam or hot water), or chemical energy. Solar eq-uipment may 
become available which will prodilce energy in each of' these 
forms. Again, State statutes vary, for example, some States, 
do not vest jurisdiction over production and sale of steam. in 
their u ti 1 i ty commi s s i on . State statutes vary greatly, however, 
and generally thermal energy is not regulated simp.ly because 
there is no explicit mention of the issue in the statutes. 

Still another aspect of this question is whether the sale of 
energy by an onsite producer subjects the owner of the onsite 
equipment to regulation. Sale to a presently regulated utility 
should be interpreted as would sale to any other category of 
user. Under most State statutes, sale of excess steam or 
electricity to a specified public uti 1 i ty prabably would r\6t 
meet the test of dedication to public use which is required in 
determination of public utility status. In a number of cases, 
industries that generate excess electricity or steam or sell 
it to public utility companies have been held not to be public 
utilities. . However, in some States the opposite has resulted. 

The congressional revision of the National Energy Act takes 
some action in exempting onsite owners from regulation^ but 
leaves many issues unresolved. The conference agreed to exempt 
cogenerators and small powerplants producing up to 30 megawatts 
of electric power from State utility regulations (apparently 
granting the FERC the authority to overrule States in these 
issues) and exempts biomass generators smciUer tha 80 megawatts 
from the Publ i c Uti 1 i ties Holding Act. The act would, however, 
apparently not permit exemptions for subsidiaries of utilities 
since small generators qualifying for the exemption must be 
owned by organizations whose primary business is not energy 
generation. 



Owners hip of Onsite Equipment Utilities 

Previous discussions have assumed that the owner of the onsite 
solar system was also the owner of the land, and building upon 
which the solar System is located^ Is it permissible for 
utilities or other corporations to own onsite solar facilities 
on land which the utility does not own, such as the property 
of the user? 

The short answer to this question seems to be yes, although 
antitrust laws and State policies designed to promote compe- 
tition would probably prevent u ti 1 i ti es f rom establishirtg 
exclusive marketing rights for solar equipment. Utilities 
probably would be required under existing* law to compete with 
other distributors of solar systems* 
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The law is clear that utilities at least would not be barred 
from the solar equipment market. A recent analysis of the 
question of permitting gas utilities to i^nvest in onsite con- 
servation equipment concluded that Federal anti trust- statutes 
wouT^ not be . violated if the utility only purchased conserva- 
tion ctevi ces (in this case , , i nsul ati on materi al ) from indepen- 
dent suppliers and did not actually manufacture or install a 
major share . 

Exemption from Federal antitrust statutes is apparently per- 
mitted in some cases where an expansion of utility operations' 
is undertaken at the suggesti on of a State utility commission 
and not on a utility's initiative. Precedents exi s t permi tt i ng 
utilities both to expand their business to include activities 
under regulatory authority and to own subsidiaries which are 
not regulated. 

There have befen cases where, at a utility's request, an un- 
regulated industry was placed under regulatory control. The 
Pacific Telephone Company, in California, for example , owned 
an unregulated subsidiary for a number of years which installed 
and operated mobile radio telephones. The company subsequently 
asked the California Public Utility Commi ss i on to place this 
activity under regulatory control . The Commission accepted 
the application, but a private competitor appealed the decision. 
The California Supreme Court upheld the Commissions approval,, 
in a divided decision. The court found that mobile telephone 
service was closely related to the utility's regulated business 
and that the equipment, used for telephone commun i cat i on , f el 1 
under the jurisdiction of the regul atory 'authori ty . 

At the same time, there are cases where utiJlities have not been 
able to place subsidiaries, of this type under public utility 
commission regulation. For example, the New York Service 
Commission limited the activities of utilities in solid waste 
disposal ventures, and AT&T was prohibited from expanding its 
unregulated business as a part of a settlement. 

It is ^pclear whether an existing public utility will be per- 
mitted to own a solar system which is permanently placed on the 
roof or ot^i-er property of a customer. Since such a system is 
probably a fixture, the utility would, be required to leave the 
solar system in the hojne or oTfice, even 'if the property is 
sold or leased. The most practical approach is for the utility 
to finance the purchase of the solar equipment and thus permit 
its easy di spos i t i on as a fixture, but retain the usual metering, 
repair, and maintenance relationships with the customer. 

Nonutility corporations could also own onsite solar equipment., 
Probably, such a corporation would supply only equipment, and' 
perhaps maintenance, but not energy. Under most State statutes, 
provision of energy equipment is not subject to utility com- 
missi o n j u r i s d i c t i o n . 
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The specific arrangement between the solar equipment leasing 
compan-y or seller and the property owner may alter the question 
of utility regulation. For example, the inclusion of a service 
agreement between the lessor and the lessee might increase the 
likelihood of regul a ti on , as would more widespread adoption of 
solar devices. Additionally, to the extent that such an agree-, 
ment requires backup power from public uti 1 i t i es , the contracts 
and prices for these provisions would be in^lirectly subject to 
regulation as part of the normal utility rate regulation. 

k ■ ■ 

-Congress apparently has taken a dim view of uti 1 i ty ownershi p 
and' f i nanci ng , since the committee of conference on the National 
Energy Act rejected the President's proposal that utilities be^ 
permitted to finance the installation of insulation and other 
expens i ve res i dent i al conservation equi pment . Whi 1 e> ^he con r 
ference encourages utilities to perform energy ^audi t^'-^f reil 
idences, it prohibits utilities from installing conservati on \ 
devices other than furnace-efficiency modi f i cati on cl ock 
thermostats, and .load-management equipment.' Loans ^to cover 
these devices are limited to $300; (State commissions are per- 
mitted to ask for an exemption from this prohibition). . 

The field remains quite ambiguous, however, and many possibil- 
ities remain open. It may be attractive, for example, for 
utilities to operate solar equipment as a part of an unregu- 
lated subisdiary. Suchan arrangement would eliminate con- 
cerns, expressed by some potential owners of cogeneration 
equipment, that equipment on their premises, owned by a reg- 
ulated utility, would not be able to sell energy on an equi- 
table basis because of special pressure to, adjust utility rates. 

Owne rship of Onsite Equipment -- Municipal Utilities 

Since municipal utilities can finance plants with relatively 
low-interest,, tax-free bonds, the capital costs associated with 
plants owned by municipals can be lower than, those of plants 
owned by privately owned utilities. Lowering capital costs is 
particularly important in the case of solar energy systems 
where the bulk of the energy cost results from the cost of 
capital. In most States, however, municipal utilities are pro- 
hibited from 'expending funds for "pri vate benef i t " and this has 
been interpreted to mean that municipal utilities cannot pur^ 
chase shares in generating facilities which are partly financed 
and operated by a private utility. 

These prohibitions may also prevent municipals from owning or 
operating onsite generating systems. In the case of solar de- 
vices, however, it -would seem that the municipals could make 
a strong case that i nstal 1 ati on of a solar device would benefit 
the public at large even though it was primarily designed to 
^meet the energy needs of a single building. In fact, several 
municipal utilities have experimented with onsite solar energy 
equipment in their districts. The legal point may be. moot since, 
as one analyst piit it, "Who's going to complain?" 
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In any event, the laws preventing municipals from owning part 
shares in generating facilities which will be partly owned and 
operated by private utilities are being changed in mapy areas of 
the country to al 1 ow , muni ci pal s to share the cost of constructing 
mclea^frgenerati ng facilities and other centralized energy equip- 
ment, which, like solar energy sy^ t^ms ', ha^L^Jiigh capital costs. 
Prohibitions agairvst such ''joint acHmr^rogran^s are often 
written into State constitutions. The consti tutrian of the 
^State of North Carol i na , -for example, was recently^Hnepded by 
referendum to permit joint-action financing of new electric 
utility plants. Such amendments hav.e been controversial in 
some areas. For example, in 1 977 , the Governor of.. Indiana 
ve.toed legislation amending that State's constitution to allow 
joint-action programs. 

Cost- Sharing Issues 

If a utility were to own or operate onsite generating facilities, 
contracts between . customers and the utility woulcl have to address 
several imp^ortant issues; they include: " . 

1. Who would pay the property tax, on the equipment? (This is 
particularly important because utility t'ax rates often are 
several times higher than those for hopieowners . ) 

2. "How would co§ts o^f insurance be distributed. Would util- 

ities be liable for damage to on.site equipment caused by 
the homeowner? ' 

3. Would a contract for onsite solar equipment be binding on 
a new owner if title' to a building were ' transferred? 

4. How far would a utility's maintenance responsibility extend? 
Would a utility, for example, be responsible for keeping a 
roof on which a solar collector was mounted in weatherproof 
condition? > 

• 5. Should' a utility pay a customer' for the use of a roof or 
wall for installing a solar collector? If so, would the 
fee decreas>e for the use of walls and roofs that did hot 
permit optimum collection of radiation? , . 

6. Could. a customer demand that a utility remove onsite equip- 
ment? If sOs who would pay for removal?. 

None of these questions pose insoluble problems, but all may 
require careful negotiation. All of Jihe utilities interviewed 
by the General Electric Company said they preferred onsite fa- 
cilities on large buildings, because questions would be easier 
to resolve than' if large numbers of small bui 1 di ngs' were in-; 
volved. 
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CODES, LEGALITIES, CONSUM-ERISM AND ECONOMICS 

FINANCIAL ISSUES ' ^ 

THE IMPORTANCE OF FINANCING . . , / 

Introduction To Financial Issues \ ^ 

The Need For Credit : RegardlesiS of thfi type of sofar energy 
system being planned, the materials and labor costs for con- 
struction may. require financing. The extent of the financing 
needed will depend on the type and ^ize of the system. • The 
cost of a solar energy system may vary from a minimal^, amount 
^to a sizable portion of the building value. « For 'simpl e .pas- 
sive solar energy systems, such as the addition, of- awnings for 
south-facing windows, the costs may be very little. Many types 
of active solar systems can also cost very little. Yet, if the 
system is a major addition to an existing structure br a major 
factor in a new structure's design,^ the costs can be consider-- ' 
abl e . > ■ \ ^ 

The* average buyer, even after many years of saving, will be 
unable ^to a'mass the necessary full purchase price of a large 
solar installation. The lahge amount of capital necessary 
^to finance such systems in relation to the small annual in- 
come keeps ownership out of reach unless credit aid from others 
or from private or public lending agencies can be secured. 



Money Fo r Sa le: At one time or another each of us has asked 
to borrow something; perhaps it's been nothing rfiTJTe^han a 
garden tool from d neighbor, or a^cup of milk when we've been 
caught short. No matter what, we probably made bur loan re- 
quest in a somewhat apologetic manner. We were asking a favor 
from someone who was in the position of granting or not grant- 
ing it, and it put us. in an uncomfortable position. This 
apologetic manner, when asking someone to favor you with a 
loan, usually becomes Jnore intensef when you approach a lending 
institution and ask for money. It shouldn't be that way. The 
fact is, you are not as king to borrow, but a-re really of feri ng 
to pur chase the only commodity the lending institutions have 
for sale. Just as the merchant sells his wares to earn a 
living, and the lawyer his counsel,. so too, do the lending 
businesses sell thei r stock-i n- trade : money .• 

Just as the ice cream shop cannot operlate with^only one can 
of ice cream, these lenxiing institutions cannot make money 
by lending only a little. Some have many millions (and some- 
times billions) of d^ollars available for "satle"v In order 
to avoid failure, and perhaps bankruptcy, lenders jnust keep 
their "merchandise", moving. What they get for their funds^ 
must be ^greater than what they pay for their funds... or they 
are in troubl e !' Their job , then , is to lend { "sell ") thei r 
Available funds at a profit to qualified borrowers (what 
constitutes a "qua! if i ed' borrower" is tl^e subject of lat'er 
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discussions). Each day that the available dollars sit in the 
vaults unused, lenders are losing money (as interest payments 
to their depos i^tors ) . 

Lending institutions also compete with one another, just as 
Guif Oil does with Exxon. When you are shopping for a new 
appliance, you check the price and quality everywhere-- i n 
catalogues, department stores, specialty shops, newspaper 
ads, etc. --to ge.t the best^return for your purchase price. 
You can, an»d should, do the same^when you sho^p for a cash^ 
loan. Terms and interest rates are items on your shopping 
list to get th^ Best "buy". " 



Solar Energy As Collateral : Solar energy heating and hot 
water-systems are operating in hundreds of American homes 
today. They hold the promise of supply for much of the^energy 
used in the home, which today (1976) accounts for one-fifth 
of total nat*ional energy consjmpti on . But this will only 
come to pass if hiundreds, thousands., and finally millions 
of individuals decid^e to buy or build solar-equipped housing. 

Many f actor^s/vi 1 1 ^affect this process, including the price 
and availabi 1 ity .of competing energy sources, improvements 
i*n the design of solar energy systems, and similar issues 
that will determine how' soon such systems make economic as 
well as environmental sense. One of ,.the most iifiportant of 
these factors may be the willingness of lenders to provide 
mortgage loans for solar housing, and in particular the 
terms pn which financing is available. This is not so much 
because of what makes solar energy systems different and un- 
usual , but rather bejcause of what they have in common with 
maay other aspects of housing: a_ 1 arge- capital cost that 
must be f i nanced *- and pafd for over tifne . 



Elemen ts of Financing 

Finan cing A Solar Energy System : Solar does offer advantages-- 
i t "wTI 1 have a s i goi fi cant .impact On tomorrow's energy planning 
so what now? ^ 

If you .are a potential owner of a solar energy system: 
y you will neejl to decide if the system i,s a good in- 
vestment, , • 
.....can you afford to pay for it? : 

If you are a contractor : 

you will need to decide if you can offer custom- 
designed systems , 
......will you be able to tailor the costs and performance 

-to the owner's budget? 
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If you are a 1 ender : ■ - 

you win need to decide if the risk is reasonable 

and the value significant, , ' ^• 

' can you provide financing for this new energy tech- 
nology? . , * 

Thus, consideration must be given to: (1) financial planning* 
for the inves-tment, (2) the effects 6f the system on cash ^ / 
flow and taxes-, and (3) the system cost, performance, and 
life whith can help "sell" the investment. 

I- , " ' ' ^ * " 

Consum er ' s, Cash Fl ow : A solar energy system--and for that 
matter, any capital expenditure on a bui 1 di n^--wi 11 have an 
impact on the owner's cash flow. (Cash flow for o-ur purposes 
is defined as th.e amount of money spent each month on the 
building by the owner.) TheTepayment of the financing 
loan must be considered. And the effect the investment may 
have, on monthly energy costs, personal or business taxes, 
and property taxes must be considered. The borrower must 
consider making a loan that is reasonable and within the 
personal or business budget requirements:" The right bal- 
ance of system performance^ and cos,t must be made according 
to the individual's f i nanc Val capabi 1 i ti es . 

Property taxes are those on real-estate (for the most part). 

If the assessed value of the 'solar system is $2dOO an.d the ' 

property tax rate is 2%, the increased property taxes would . 

generate a negative cash flow of $40 per year or $3.33 per 

month. * ' . ■ 

Personal or busines.s taxes are those on income. The income 

tax. savings generated are -a function of the owner's tax 

bracket and the sj'ze af the loan.. An individual in the 25% - " 

tax bracket paying . $300 per year in interest coul d' generate 

$75 .annual income tax saving's. » . * . ' 

Of course, the added property taxes could result in some ad- 
ditional income tax savings. Additional tax credits and 
property-assessment exclusions for solar systems are either 
already available or are the subj'ect of legislative action 
both at the state and federal level. 

It has long been recognized that the market for housing is. 
extremely sensitive to financing terms. Interest rate, 
length of payment peri od , and amount fi nanced directly de- 
termine thelnonthly payment that housing owners will make to 
finance solar energy i nstal 1 ati o.ns . The size of 'this' monthly 
payment (and the downpayment) will significantly affect the 

>eco-nomics of solar energy sytems from the owner's p<erspecti ve . 

■Table 1 is a checklsit designed to help the borrower in making 
a loan decision. " 
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TABLE 1 REAL-E5TATE-L0AN CHECKLIST ' 

1. Does a consumer loan or a mortgage loan best serve my 
needs for this size dett? 

2. Can I borrow against my current mortgage, or is it nec- 
cessary to obtain a new loan, refinancing the property? 

3. If I have to refinance, what will my total, interest bill 
become considering the outstanding balance on my old debt? 

4. What type of real estate ^Voan best suits my needs? 

5. What are the curre-nt rates of interest at the different 
types of lending institutions in my particular area? 

% 

6. Oo I have the details of the "extra costs", •such as ap- 
praisal fees, points, loan application fees, taxes, prep- 
aration of legal ijis truments , etc? ^ 

7. Will refinancing change my tax appraisal or otherwise 
affect my tax assessment? 

8. Am Ineligible for a FHA or VA insured loan and can I 
obtain it at less cost? 

9. How large a down payment will I have to make? Will a ^ 
larger down payment decrease the' interest rate? 

10. Are there any prepayment penalitites if I need to move 
before the term of the loan expires? 

11. ,How are late charges handled? 

12. Do I have to deposit taxes, insurance, etc., in escrow 
and do they earn i nteres t? 

13. Am I required to provide any additional security such as 

a compensating balance in savings or securities or a note 
on other property? 

14. Does the mortgage contain a " due-on-encumberance clause" 
preventing me from usipg my equity in the property as 
security for other short term loans I might need to make? 

15. Is di sabi 1 i ty "and 1 rf e insurance available? Is it optional 
or required? Hbw do' the rates compare to term i nsurance? 

16. Can the loan be assigned or soJd to another lending in- 
'stttution? Can they change the terms wi thout ^pri or approval? 

17. What is the local reputation of the lending institution with 
other borrowers? How well do they service their customers? 

18. Have I shopped well for m^y loan and obtained the best loan 
available. in terms of rates, length, and general terms? 
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Lender's Monetarjf Policy and Interest Rates : The mast (domi- 
nant financial 1nVti tut ion" in the Wffced Sfates is the Federal 
Reserve Banking System, often termed "the Fed". The Fed, to a 
large extent, manages the nation's money supply, which directly 
affects private financial institutions, such as commercial banks, 
savings and loan associations, and mutual savings banks." A num- 
ber of other public and quasi-public agencies have been estab- 
lished specifically to buy and sell mortgages, and to promote 
certain housing policies. Th^se institutions and agencies fi-^ 
na.ncially tie construction and real estate activity to the 
national economy. 

The president, the Treasury Department, and the Federal Re- 
serve System work together to achieve the economic goals of 
the country. The main goals are full employment, economic 
growth', and price stability. It is apparent that one of the 
major ways to_ achieve the first two goals is to have an ade- 
quate supply of money in the economic system. Too much money 
in the system, however, can result in inflation. Too much 
money puts' more purchasing power (demand) in the system than, 
can .be satisfied by the available goods and services (supply) 
at existing price levels. The excess purchasing pbwer com- 
petes for ^the avai labl e goods and services, pulling prices 
upward. This of course is not consistent with the third goal, 
price stability. Adjustments in the money supply (monetary 
policy) are thus made to provide an acceptable balance in the 
goal s . 

Like other goods, the price of money, i.e., interest rate, 
varies in response to supply and demand conditions. For ex- 
ample, if the money supply is cut back or tightened, interest 
rates go up. Alternatively, if unemployment and recession 
are national problems, one solution is to increase the money 
SHpply.^ With increased supply, funds begin to build up in 
financial institutions which must be lent out if interest is' 
to be earned. The interest is lowered and more business and 
individuals can afford th^ price. Thus, interest rates or 
mortgage loans' must go up or down according to monetary policy 
in effect atthetime. 

The availability of money and the level of interest rates'^ 
greatly affect lending or borrowing terms. As mon^y gets 
tighter, lenders raise interest, rates'; they may also shorten . 
the term or life of loans made. The result can be a substan- 
tial debt service (i.e., the periodic payment on a loan for 
interest and principal repayment). For example, suppose 
tighter money condition's cause a lender to raise the interests 
rate from ^8 to 10% and decrease the life* from 30 to 25 years. 
On a $30,000 mortgage, these change^ would increase monthly^ 
debt service from $220.14 to $272.61, as may be seen from 
the following table: 
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LIFE 

(Years) 

15 
20 
25 
30 
35 



INTEREST RATE 



4% 



$221 .91 
181.77 
158.34 
143.22 
132.81 



$253.17 
214.92 
193.29 
.179.88 
171.06 



$286.71 
250.95 
231.54 
220.14 
213.09 



10% 



$322.38 
289.50 
272.61 
263.25 
257.88 



ERIC 



What does this 

mean to a borrower? Assume a typical family can apply 15% of 
its annual income to mortgage debt service. With the changes 
mentioned above," the income of a family able to borrow $30jOOO 
on a mortgage loan would increase from $17,611 to $21,809, a 
'difference of $4^,198. An increase of this amount would ob- 
viously sharply reduce the number of buyers able to meet the 
demands of a $30,000 mortgage. This would be true at alL in- 
come levels, and if sustained, would reduce the number of units 
demanded and would eventually result in across-the-board re- 
duction in the quality of products for the population. 

Normally financial institutions need a ^h percent buffer or 
differential between the interest rate they pay on savings 
deposited with them and the interest rate^they charge on 
mortgage loans. However, mortgage loans are long-term com- 
mitments at fixed terms. The interest rate paid on deposit- 
tends to go* up peri od i cal 1 y with i ncreas ing rates in the ec- 
onomy. The resul t i s a squeeze on prof i ts . 



For example, assume 
mortgage loans and 
made over ten years 
6%, 30 percent made 
made in the last fi 
ance, or 10% of the 
and equipment that 
account deposits is 
effect is there on 



savings and 1 oanjassoci ati on assets in 
cash as follows:"* 30% i.n mortgage loans 
ago at an average rate of Interest of 



five to nine years 
ve years at 9% rate 

assets are held in 
earn 0 income. The 

to be increased from 5.0 to 
the overall profit margin? 



ago at 7h%9 and 30% 
of i nteres t , the bal - 
cash and in buildings 
interst rate on savings 
5.5%. What 



^0% X 6 % - - 1 .80% 

30% X 7h% 2.25 . 

30% X 9 % 2.70 

10% X 0 % 0.00 

Weighted rate of return 6.75% 

Before the increased Vate on deposits, the margin or differ- 
ential equaled 1.75% (6.75% - 5.0%); after, the differential, 
dropped to 1.25% (6.75% - 5.5%), not enough to cover operating 
costs and leave a profit, since the institution needs a 1^2% 
differential. Thus, lenders must be cautious when running the 
risk of being locked in on a loni^-term, fixed interest rate 
mortgage. 
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Type s o f Residential Loans 

Bor rowing For Residential Purposes : There are three basic ways 
of obtaining funds for residential purposes. These are (1) home 
improvement loans, (2) second mortgage loans,' and (3) first 
mortgage loans. Cost-wise, first mortgcage loans are normally 
less expensive than home improvement loans, which ar£ usually 
less expensive than second mortgage loans. The following table 
compares the relative cost of the three types. 



HOW FINANCING AFFECTS SOLAR COSTS 

Illustrative Loan Terms and Monthly Debt Service 
Under Private Lender Financing Alternatives 





LOAN TYPE 






FIRST MORTGAGE 


SECOND 
MORT- 
GAGE 


HO 
IMPF 
MI 


ME 

lOVE- 

ilNT 




Conventional 


FHA 


VA 


Con- 
ventional 


Title I 


Con- 
ventional 


Loan/ Value Ratio 


70% 


80% 


90% 


93% 


100% 


75% 


100% 


100% 


Interest Rate 


8.5% 


8'75% 


9.0% 


8.25%' 


9.0% 


13.5% 


11.5% 


12.5% 


Maturity (years) 


27 


27 


27 


30 


30 


10 


12 


5 


"Mortgage Insurance 




.15% 


.25% 


.5% 






.5% 




Monthly Cost per. 
$1,000 of Loan 


$7.88 


$8.16 


$8.41 


$8.06 


$8.23 


$15.23 


$13.13 


$22.50 



Source; HUD-PDK-218. Home Mortgage Lcndingand Solar Energy, puhlishei 



Home Im provement Loans : To finance the installation of a solar 
Fyst"e"m on an existing residence, the owner could (1) remortgage 
the residence, (2) obtain a home improvement loan, or (3) take 
on a second mortgage. 

Remor tgaging , although an option, is generally unwise since the 
rate of the existing home mortgage is probably lower than that 
of any new mortgage that could be obtained. The monthly cost 
at first appears Tower since the loan would be paid back over 
a long-term period (25 to 30 years), but the overall cost would 
make this an expensive approach for any solar retrofit financing. 

The most common solution is the home improvment loan which covers 
a variety of lending arrangements offered by every kind of lending 
institution. The conventional home improvement loan is generally 
available from savings and loan associations, savings banks, 



commercial banks, credit unions, and even private finance com- 
panies. The cost ranges anywhere from about 12.5% a year up- 
wards. Generally, it is limited to a five-year maturity, so 
monthly payments are. higher than they might be with a longer- 
life mortgage loan. A Title X home i mprovement loan refers to 
home modernization loans made under Title I of the Federal 
Housing Act. Its significance lies in the fact that its ma- 
turity can extend for as much as twelve years, thereby greatly 
reducing the moathly payment. Its cost, at about 11.5% (mid 
1977), is also slightly less than that of the conventional 
home improvement loan. 

At a slightly higher cost (from 1 to 2 %) than that of thecon- 
ventional home improvement loan, is the second mortgage . As 
with a first mortgage, the residence is the security and monthly 
payments consisting of principal, interest and other charges are 
made in addition to the first mortgage payments. Since the 
holder of the first mortgage gets paid first, the second mort- 
gagee's claim is riskier and naturally carries a higher interest 
rate and service fee. Also, even if the borrower parys off his 
first mortgage, should he default on his second, the holder of 
the second mortgage has the right to foreclosure. Aside from 
this risk, a second mortgage means paying out two substantival 
installments every month, for a long period of t'ime--the pay- 
back period can extend to ten years. 

New Homes : A first mortgage is the mos^t desirable way of fi- 
n a n c i n g a totally new, solar-heated residence. Depending on 
the amount" of downpayment the borrower can afford, several 
types of first mortgages are available for the new home loan. 

For relatively low-income farm families, there is the FmHA 
tfarmer's Home Loan Agency). An FmHA loan has many restric- 
tions, but is by far the least expensive (the loans are some- 
times as low as 1 to 2%) and it requires little by way of down 
payment. If a family of four has an income of $5000 or less 
(mid 1977), there is a possibility of obtai ni ng thi s type of 
f i nanci ng . 

VA (Veteran's Administration) guaranteed loans also require 
minimal down payment , and cost much less than home improvement 
loans or second mortgages. The VA does not actually make the 
loan; it only guarantees, to the lend* that if the borrower 
fails to make payments, the VA will assume the obi i ga|t>i on . 
The borrower is confronted wij:h a two-step task : getxing VA 
approval for the loan and finding a lending institution that 

will make the loan under the VA guidelines. 

» 

FHA (Federal Housing Administration) loans require the borrower 
to have at least 7% of the loan as downpayment. The FHA (and 
VA also) require borrowers to certify that they hold no secon- 
dary mortgages or promissory notes before they can be approved' 
for a mortgage. The FHA only insures the loan and the borrower 
IS confronted with the same two-step task noted above for VA 
approva 1 . 

i5o 
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Conventional mortgages require greater down payments, generally 
at least 20% of the cost of the new residence ($10,000 on a 
$50,000 purchase), but here- there is a truly competitive market 
where shopping can save the borrower many dollars. Also, the 
borrower has a variety of f i rst mortgage types to consider. 
The most familiar types are: 

The di rect - reduct i on , f ul ly - amorti zed , loan--the one most 
commonly used. Equal payments are made over the life of* 
the loan and the. entire sum is paid at the end of the loan 
period. As each monthly payment is made, it is first cred- 
ited to the interest on the outstanding balance and then 
any sum remaining is used to reduce the outstanding debt. 

The 1 i mi ted -r eduction - pla n , parti ally - amorti zed loan, com- 
monly known as the "bal oon" mortgage . This mortgage is 
generally written for a shorter term, and the unamortized 
balance is paid in a lump*sum at the end of the loan period 

The straight - reduction , f ul ly - amorti zed loan, where a spe^ 
cified amoiint is p a i d o n t h e*^ p r i n c i p a 1 pl^us the inter on 
the outstanding balance. The payment becomes smal 1 er as the 
debt- i s reduced . ^ . . 

Mortgages are also written open-ended where additional 
money can be borrowed against the same mortgage. Such 
borrowing is usually limited to the amount of principal 
repa i d . * 



Qualifying The Borrower - 

Elem ents of Qualification : The first step in the lending pro- 
cess is the-filing of an application by a prospective borrower 
A typical Application For Credit is shown in Figure 2. At 
this point, the lender should obtain information from the bor- 
rower as to the amount of the loan required, the rate of in? 
terest desired, the proposed terms of repayment, and the pur- 
pose for which the loan is secured. Should the borrower re- 
quire a'lower rate of interest than the institution's policy 
permits, no further time need be spent in processing the loan 
application. The same would be true with respect to the re- 
quirements of the borrower as to amorization or term. The 
question of use of the loan is important." It is one thing 
if the borrower wants the loan to pay part of the purchase ^ 
price of a pj'ece of property that^ he or she intends to put 
tQ some sound (jise, or to repair or rehabilitate property, or 
to refinance existing debts against the property. It is quite 
another if he or she desires to raise money on owned property 
for some, highly specul ati ve enterpri se that may bring about 
f i nanci al downf al 1 . 

> 

The lender should obtain information also as to the financial 
means of the prospective borrower, including his or her oc- 
cupation and income, assets, and existing financial obligations. 

ISJ 



The lender should then proceed to appraise carefully the property 
offered as security and the f i nanci a 1 abi 1 i ty of the borrower. 
It would not be sound business policy to take the borrower's 
statement of his or her means at its face value. .Certainly, 
the lender would not, without inspection and appraisal, take 
the borrower's word about ownership of an excellent building 
at a ^given location that was in a certain -state of physical re- 
^ pair and that produced an income of a given amount. Hence, a 
credit investigation is made either by the lender or by one of 
the many credit agencies that operate for this purpose. . " 

Having inspected the property and determined its \/alue, and 
having weighed and established the financial capacity of the 
borrower, the lender is then in a position to determirre how 
'much can be safely advanced and upon what terms it can be ad- 
vanced. It is unlikely, with respect to any loan, that the 
highest standards of the lender will be met from the standpoint 
of a 1 1 the factors invtrlvpd. It may be that the borrower's 
circumstances are excellent and that the property is a good 
one, but that there is some likelihood of nei ghbor hood decl i ne 
beyond average . , • 

This being th^^'case, the lender may decide to requij^e a more 
rapid rate of amortization. In another case it may be found 
that although the borrower's credit is not as strong as it 
might be, the property iteslf and its surroundings are be-*' 
yond average, or the desire^d am^ount of loan is sufficiently 
low to offset this particular weakness. 





Figure 2(a) 
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APPLICATION FOR CREDIT TO THE BANK OF 

PLEASE PRINT AND COMPLETE IN JULL INDICATE AMOUNT AND PURPOSE ON REVERSE SIDE 

FIRST MI»OlC LAST - AOC MOMTH OAT rCAR SOCIAL SCCUR 



AOOItlCS PItIn 



tiW COOC 



■USINCSS 
PHONC 
MAKC 



IVC « VCAPTS CONTINUOUS AODRKSSCt U«< RKVCRSK SIOC IF NCtOCOl 
NUMBCR or OO VOU OWN TVS □ tW VCS 

OKFCnOCNTS _ HOME! _10_Q ^FUHC M A SCfRICK I 

. OWN OTHCR 

RCAL CSTATI ' OTHCRASSCTS 
WHCRCT ^ lOCSCRIBI' 



NAM! OW CMP1.0VCR 
OR 

TOUR TRAOC NAM! 



. _ , . . _ POSITION 

VC S YCaKS CONTINUOUS' CmpuOVMCNT -use RCVCRSC illOI IF NCCOCOt 



.INFORMATION ABOUT YOUR SPOUSE - CO-APPLICANT 

PI*M* Nnhr Ynu 1110 nnl (eguircir In luinith iny intDimjimii icqu*«l*d atmul V^itu iiKtM* Of limnci spniii*. As •pphrO'* unlcii y'liM spfiui* nilhcl In sifn Ihii •pplica'iln as ■ cm- 
AppliCJul 4na ixt conlMrlu.lllv hiD'c m irvc arcouni lU yOu afc iclyini| upon aiimuny child suppnil mMrnl'iinanc* payncnliirt Ihn mcOm* lilm • ipoul* O' tuimmt «pous« 
a's a ba'tit hit ittprtyment ol inc crcdil ynu aic atplymq lor 

AOC MONTH Oat yiAR social sicuritv NUMBIR 

SFOUSI S OATI OF 

FULL NAM! BlirrH 



HOMI 





LISTALLDEBTS INCLUDING THIS BANK- AUTO -FINANCECO. LOANS • OEPT STORES - iF NO DEBTS STATE "NONE". USEOTHER SIDE IF NEEDED. 




NAME Of CREDITOR ADDRESS ACCOUNT NU MSIR 


■ALANCE 


MONTHLY 
PAY MENT 


ION 


MORTCAOC HILO BY 




t 


< 


NAMI OF LANOLORO XXX XX 


' ^XX XX 


f 


CC 
0 


FAVlNO ALIMONY OR CHILO SUFFORT TO ' XXX XX 


» XXX XX 


1 


u. 
Z 


AUTOMOBILI FtNANCCO BY 


t 




< 


OTHIR OIBTS 'LIST HIRK ANO BCLOwl ^ 


1 


» 


INANCl 




1 


1 




1 




u. 




1 


9 




ARK ANY OF THI«I OcSTS FAST OUI * t HCRCMY RIFMCSfNT THAT MY TOTAL 
IF YIS tXFLAiN ATTACH SHUT _ _ INOISTIONlSS OOIk NOT ■ MCCIO 


t 


U) 


TYFI ACCOUNT BANt^ NAMC ADORCSS BRANCH 


ACCOUNt NUMBIR 


SALANCI 


z 
< 


CHICKINC 






a 


fAWINOS 







LIST CRIOIT CANOS YOU HOLO 

MAWC TOU HAP ANY I OAN« AT THIS RANK 
■ H THI FAST SFWFN t y,rAR«F YC« I 1 NO 

00 YOU HAWF A»«Y I OAn AFFLICATIOn^ FrNUINQ AT 
ANYfiNANtlAI lix^TtTiniON Af loi^fiMff * Yr! 

»IAWI TOtt NOW UN t Wt M iftkO ANY »Ut>OMrNT^ 
CiAM»«l^»lMtNf ^ 0(« I FT.Al FROI irOlNU^ AOAIN^T YOUJ 



Nil 



P FAIO IN FULL 
IF Yr^ rUFLAlNI 
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Figure 2(b) 
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Bo rrower ' sAbVri\y To Repay : Information obtained from the 
borrower* s loan appl ication should' include the financial means 
of the prospective borrower, including his or her occupation and 
^income, age, existing financial obligations* and assets, in- 
cluding bank accounts, stoclcs and bonds, and so forth. This in- 
formation enables the lende^to determi ne t^he f i nanci al ability 
o-fe the borrower and his or Wer worth as a bondsman. It is not 
profitable for lender's to have to foreclose mortgages to get 
back the money they lend. Prof i tabl e mortgage investment re- 
quires the repayment of interest an<l amortization on a regular 
basis over the term of the' loaii. If a buyer is financially 
weak, there is danger that he 4ir_siie^ w i IJ not be able to meet ^ 
these requi reme^jts . The" question o'f^tTTe borrower ' s credit is 
therefore very important. 

Insured/Gu aranteed Provisions : Where the borrower desires to, 
us'e""m~orTg~age terms authorized under FHA-insured or ^ VA-guaran- 
teed loan provisions, and the lender'is able and willing to 
make the loan under. the specified terms and rates of interest, 
special application forms provided by the federal agencies must 
be submitted, together with required filing fees'for independent 
check and loan approval by the FHA or VA, whichever is involved. 
Both agencies make detailed and careful field checks, applying 
ratings to all the pliysical property, the site, the location, 
the ability of the mortgagor to shoulder the financial obli- 
gation, and the mortgage pattern wherein all factors bearing 
on the quality of the loan are correl ated . Based on the re- 
sults of the agency's investigation, the institutional lender 
is authorized to process or reject the 1 oan appl i cat i on . If 
the former, the maximum amount of the loan, the i n teres t rate , 
and the loan period subject to which the federal agency commits 
itself to insure or guarantee the loan are considered. Should 
the amount of the loan and loan terms that the lending insti- 
tution is able or authorized to offer be acceptable, the next 
step involves sending advance disclosure of closing costs and 
of truth-i n-1 endi ng 1 nformati on to the buy er- borrower . 



Quajifyin g The Collateral 

Elements '^ of Appraisal Qual if ications : If the mortgage appears 
acceptable to the lender on the bas i s ^ of the credi t application, 
that person must then proceed to appraise carefully the property 
offered as security. For our purposes here, it is sufficient 
to say that ^reat care must be exercised in determining the 
worth of thefphysical security as well as the future of the 
neighborhood in which it is located. An owner may have an 
excellent building in a nei ghborhood that has a very poor 
future outlook. The condition of surrounding properti es and 
the trend of an area can adversely affect a given property 
even though it is excellent itself. 
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Cos t- Li fe- Performance : Most solar energy systems for actively 
heating structures are a major investment for a bui Tdi ng' owner / 
As such, they need to be financed and paid for oyt of fuel sav- 
ings and regular i^ncbme. The, bank that i'tivests in an active 
solar energy system needs to know that iV's investment is protected 
if the investor is for some reason unable to meet his commit- 
ment to repay the loan. The building ownef* should be prepared 
to answer questions relating to system performance, dost, and 
life for the banker. Investment in solar systems is new. The 
average lending institution has not had ample experience in as- 
sessing the isolar sy s tem"* i nvestment . 

The cost of an active solar .system will vary oyer^a very wide 
range depending on what it is expected to do. \Systems costing., 
from $5000 to^ $15,000 are not unusual. Solar sysAem life and ^ 
maintenance has to be determined. (These factors/ are dis-cussed 
in relation to. life-cycle cost analysis.) Depending on how 
well the syste^fn is designed and installed, a 5 to 25 year life 
without major maintenance can be expected. Solar system per- 
formance can be predicted by techni^ques of sizing and design. 
A square foot of sol&r panel, depending on the location and 
the type of system, will give from 1 00,000 to 300,000 Btu per 
year of sol ar heat. 

The lending institution may reqxiice to see the solar system 
plans. However, the best way to proceed appears to be for the 
owner to obtain an estimate for a typical system first. And, 
then, talk with the lender concerni ng the f eas i bi 1 i ty of any. 
loan for solar. The lender can then request specific addi- 
tional information from the building owner and possibly, from 
the consultant or contractor. 



P roperty Value : The building owner should also be prepared to 
answer questions relating to the system's effect on real-estate 
values for the lender. Life, aesthetics, and performance of a 
solar system will have a marked effect on the real -estate val ue 
of a building structure. A system designed to last more than 
20 years, which enhances or does not detract from the^ appear- 
ance of the structure , and has an acceptable cos t-1 i f e-perfjor- 
mance value will grow in value rather than depreciate. IKs 
fuel costs rise, the structure will become more and mor^de- 
sirable on the real^estate market. 



FINAN CIAL INSTITUTIONS 
Source s of Capital 

Thfe Borr ower *s .Options : Although the cost of a residential 
solar energy system may. be large or small, the borrower's 
choices for financing are limited by the residential purpose 
for the loan. In the case of an addition to an existing 
structure, the solar energy system may be financed as a home 
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improvement using short-ter^m consumer loans. A new structure 

on the other hand, will entail long-term mortgage loan ??nancing. 

Short-Term Loans: for amounts under $5000, the borrower will 
"iZTll' ^■°? J?' ; short-term, ccHisumer, loan. This tjpe of 
loan IS avaflable from credit unions and commercial banks Some 

^eu'irT.'sTa'llmen? 'rL^'V.''' ''t '^'"^"^ cpmpani.s o^throSgh 
rnmni • ^ l^'"^"^ credit plans. Interest rates from finance 
companies and credit p^lans are usually much higher than thSsI " 
from credit unions and bank?. • » "lyner tnan tnose 



f^^g-ajeUans: There are many types of reil -estate mortgage 
loans which are gen.erally made by savings" and loan instuStions 

mo^tn^n'^-'"^'' '""'"^^ '^^^'"^^ l^anks, life insurance ctfipan?es, 
mortgage companies, however, the mortgage market would be 



and 



Jnnr^?^ • !u ^""^ considerably different in structure, and 

functioning than it is today in the absence of the publi.c sap- 
port- for home mortgage financing that ha^ evol ved -over the oast 
forty years. At the present time, a diverse array of Federal 
mortgage insurance programs, interest subsi di es , secondary 
market support operations, and banking and' income' tax regulations 
combine to establish the context within "which insti„tutions pro- 
v de residentia mortgage loans. In parti cul ar , two classes of 
public institutions--Federal credit agencies and secondarr 
market enti ti es - -may have a marked influence op the availa- 
bility of financing for solar homes.. 

o 



S hp r i - term j^Jin Jjnancjj}^ 



Credit Unions: Credit unions are nonprofit institutions 
usually operated by a church or.a business, so their ?^?erest 
rates tend to be lower than commercial banks. Members of-credit 
unions save, by purchasing shares in the association oSt Sf the 
accumulated savings fund, loans are made to lis members The 
aw permits unsecured loans up to $750 and adequately secured 
loans in larger amounts, depending on the size of the credit 
union Repayments are made periodically, according, to- an 
fivr^:."^°" schedule, but they may not extend oyer more than 
five years. A credit committee elected by the members of the 
credit union passes upon the applications for lo^ns. 

Finjn,ce Companies: Obtaining financing through finance companies 
IS generally easier than through a commercial bank Finance com 
panies are busfnesses established for serving consumer credU 
needs In return for speed and lack of i ntensiJ^q^tstfoni ng 
the borrower will pay a high interest rate. The reputable loan • 
company operates under state license, which g ves varyinq de 
0%''the°lrStS'?nV'"H^° the^ borrower . And si^cr?he%'^ g 
of the Truth-In-Lending Act, loan sharking has become a federal 



163 



IX-S-162 



Offense. But this does not mean that a. loan shark cannot still 
attempt to operate anncl the borrower should first check on the 
company's reputation through the local Better Business Bureau. 
In general, sol ar i ns tal 1 ati on financing through the small-loan 
company should not be efnpl oye4 unless funds cannot be obtained 
from a lower-rate source. 



Retail Credit Plans :. Many companies set up "easy payment" plans. 
The customer pays a presettled amount each month until the spe- 
cific merchandise is paid for. The time periods of installen^t- 
contracts wi 1 1 vary and the carrying charges also. Interest 
charges mount up during a spread-out paying period. Advertising 
such as "Easy terms! No down payment, three years to pay" may 
involve a prolonged and; inflated debt, for the borrower. For 
example, a service charge of ^h% per month is typically used 
for such plans; that's ^8% per year! 



M ortgage Loan Financing 

'Broadly speaking, mortgage markets are classified as primary 
markets and secondary markets , The primary market is made up 
of lenders who supply funds directly to borrowers, bear the 
risks associated with long-term financing, and who, as a rule, 
hold the mortgage until the debt obligation is discharged. The 
secondary market is composed of lenders who seek an outlet (em- 
ployment) for thei.r funds, but who are neither equipped nor 
willing to originate or service the mortgage debt. These 
lenders merely buy mortgages as long-term or temporary in- 
vestments in competitid^n with other types of securi t i es , such 
as government or corporate bonds. Agencies that purchase 
mortgages for resale or lend against them are also active in 
the secondary market. Primary and secondary market opera ti ons 
are not as clear-cut as the above explanation would lead one 
to believe. Many lenders act in a dual capacity, as primary 
lenders to the limit of their own funds for investment, and 
also as originators, service agents, and assignors of mort- 
gages for which they find a profitable demand in the secondary 
mortgage market . 

Nearly all direct mortgage financing is supplied by private 
lenders and the sources for credit are many. Each source has 
its peculiarities which jnay be caused by state or federal laws, 
or by internal organizational rules of the lending institutions 
which forbid mortgage lending in excess of certai n. amounts or 
in certain geographical areas. Priv^ate sources of credit are 
supplied by three principal lending groups: individual lenders, 
institutional lenders, and mortgage companies (also termed 
mortgage bankers). 
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Ind iv idual Lenders : Individual Lenders account for less than 
one-ninth of the total mortgage debt, yet they are important as 
a source' of prime mqrtgage funds and are by far the largest 
source for junior mortgage loans. Funds supplied by individual 
lenders include those loaned by trustees of indivudual trusts, 
estates, endowment, pensions, or corporate funds and those made 
available. by fraternal and similar nonprofit organizations that 
seek in/estment outlets for their surplus funds. 

As a rule^ the individual lender cannot compete with the insti- 
tutions in securing prime mortgage loans. Because of the bene- 
fits arising f rom .1 arge- seal e operations, institutions can sup- 
ply funds at .lower costs and hence lower interest rates than 
those that the individual can afford to offer. It is true that 
the lending requirements ^of the institutions are more stringent 
than those that govern the individual. Institutions, on the 
other hand, are less apt to be compelled to take advantage of 
a borrower's adverse condition during times of economic stress. 



Instituti onal L endears : Increasing interest by state* and fed- 
eral agencies in home construction and liberalization of home 
.mortgage lending policies have sparked institutional lenders 
to-^ssume a leading role in home mortgage financing. The in- 
stitutions whose lending practices and policies exert the 
gi^eatest influence on the mortgage market include the follow- 
ing:''^ 

1. "Thrift institutions" (as savings and loan associations, 
mutual savings banks, and similar institutions are commonly 
designated ) . 

2. Commercial banks. 

3. Life insurance companies. 

Thrift i nsti tuti ons--savi ngs and loan associations and mutual 
savings banks— accounted for nearly half of the debt in 1974, 
and their share is increaising. Figures 18-1 and 18-2 show the 
relative importance of lenders based on the amount of outstand- 
ing loans and lending by property type. These institutional 
lenders deal directly^ with the borrower, and provide him wi^th 
constructian funds and mor:tgage .credi t . And their policies 
and practices largely determine the reception accorded any 
new type of hausing i nnovati on ( i . e . , solar energy installa- 
tions or designs) on its first being introduced into the 
primary mortgage market. 
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TYPE OF PROPERTY 



TYPE OF LENDER 



o 

ERIC 
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properties ^^^^^ ' 
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/ Commercial \ 
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\ Apartments / 
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Figura 1 
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One - 10 
four-family 
homes 
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^ Federally 
supported 
agencies 




Figura 18-1. Tt»tal Mortgaga Loani Outstanding, Yaar-End 1974. 
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Thrift Institutions: Thrift institutions have been in the 
business of channeling personal savings into resi denti al ^^l oans 
for more than one hundred years, and are the dominant private 
institutions in the residential mortgage market today. More 
than 5500 of these institutions provide over half of all per- 
manent loans for single-family homes and nearly one third of 
those for mul t,i -f ami ly structures. Since savi ngs deposi ts 
have been less subject to withdrawal than other kinds of bank- 
ing accounts, the " thri f ts " have been well suited for making 
long term mortgage investments. Although they also represent 
the major source of construction funds for single-family homes, 
their primary motive for making short-term credit available, i s« 
to be in a position towrite the permanent mortgage lateV. 

Savings and Loan Associations: Among institutional lenders, 
savings and loan associations account for nearly one-half of 
the home loan mortgage market. Although savinps and loan as- 
sociations have been active for over one hundred years, regu- 
lations that govern their loan activities on a regional and 
national scale did not go'into effect until 1932 when Congress 
created the Federal Home Loan Bank System. Today all federally 
chartered savings and loan associations, and most state-chartered 
associations that can qualify, are members of the Federal Home 
Loan Bank System and subject to its supervision. Membership in 
the Federal Home Loan 'Bank System permits borrowing by the as- 
sociation from a district home loan bank whene^ver funds are 
needed to pay off the share accounts of withdrawing members 
or to finance additional mortgage loans. 

Most savings and loan associations, if qualified, have joined 
the Federal Savings and Loan Insurance Corporation (authorized 
by Congress in 1934), under which membership deposits are fed- 
erally insu^red up to $40,000'. This insurance, together with 
uniform lending policy and accounting supervision, has greatly 
increased public confidence in savings and loan institutions 
and brought about a considerable increase in their total assets 
and outstanding mortgage loans. 

Federal Home Loan Bank System regulations provide that member 
savings and loan associations may make conventional installment 
loans up to 95 percent of the lesser of appraised value or 
purchase price of the home offered as security, with a maximum 
loan of $42,000. Alternatively, at 90 percent of value or 
price, a conventi onal , home loan may be made up to $55,000. 
The loans must be amortized on a monthly basis with a maximum 
term of thirty years.. The loans must be secured by first- 
mortgage liens on residences within the state of the association's 
home office or within one hundred miles of the hdme office if 
outside the home office state. First-mortgage loans may be. 
made in excess of $55,000 provided the loan-to-value ratio is 
less than 80 percent. Second-mortgage^ 1 oans and construction 
loans are permi ss i bl e but* must have much shorter terms to 
maturity. 
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FHA and VA loans may be made up-to any loan-to-value limit ac- 
ceptable to the Federal Hous+ng Administration or the Veterans 
Administration. 

Savings and loan associations' lending powers are subject to 
limits imposed by the Federal Home Loan Bank "System. The main 
purpose of the. limits is to balance risks in the portfolios of 
associations. This risk balancing generally takes the form of 
a maximum proportion of an association's assets that may be in- 
vested in -any one type of loan or venture. The main lending 
activities, and the limits that apply, are as follows. 

Purchases (^f participation shares in conventional mortgage 
loans may be made from "approved" lenders outside an associa- 
tion's lending area. Approved lenders include insured banks, 
savings and loan associations, government secondary mortgage 
market agencies, and other FHA-approved mortgagees. The par- 
ticipation share in any one out-of-area mortgage must not. ex- 
ceed 50 percent and the aggregate of all out-of-area partici- 
pation shares must not exceed 20 percent of the association's 
assets. Participation make's possib'l^ the channeling of funds 
from localities of low housing and mortgage demand to local- 
ities of high demand. 

First-mortgage lo§ns may also be made on business and income 
properties, churches, and other improved properties up to a 
maximum loan-to-value ratio of 75 percent. A maximum*term of 
twenty-five years is required along with monthly loan-amor- 
tization payments." No more than" 20 percent of an association's 
assets may be placed in "business property" loans. 

Savings and loan associations may, in addition, make real 
property improvement, alteration, repair, and equipment loans. 
The aggregate amount of such loans may not exceed 20 percent 
of an association's assets. The maximum term of such loans 
is fifteen years, thirty-two days, and monthly amortization 
payments are required. Equipping loans are limited to $5000 
per property . 

Mutoal Savings Banks: Mutual savings banks are dedicated to 
accepting and protecting the savings of individuals and to 
channeling these savings into productive investments, pri- 
marily real estate. That is, mutual savings banks act as fi- 
nancial intermediaries. About two-thirds of the .savings are 
invested in real estate mortgage loans. 

All mutual savings banks are chartered by states. And most 
mutual savings banks are located in the Middle Atlantic and 
New England States, with nearly seven-eighths in the states 
of New York, Massachusetts, Connecticut, Pennsylvania, and 
New Jersey. Over 90 percent of the total deposits are con- 
centrated in these five states, with New York accounting for 
over one-half of the total. Mutual savings banks tend to dom- 
inate where savings and loan associations are weak, and vice- 
yersa. Effectively this means that both function as financial 
intermediaries for long-term savings. 
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As mentioned, mutual savings banks are state-charted only, and, 
except for Delaware and Maryland, must invest their monies in 
home states and adjoining states. . These lending restrictions 
do not apply, however, in regard to purchase of FHA-insured or 
VA-quaranteed mortga>ge loans. 

The mortgage lending limits of mutual savings banks are as ^ 
follows. In most states the law restricts real estate loans to 
65 or 70 percent of the assets of any bank. Some states exempt 
FHA and VA loans from this restriction. -Also, FHA and VA loans 
may be made up to any 1 oan- tp-val ue ratio of 95 percent. And 
conventional, uninsured loans may generally be made to 80 per- 
cent, and occasionally to 90 percent! of appraised value, with 
an amortization period of thirty yearV. 

Commercial Banks: Commercial banks are required by law to 
maintain greater relative liquidity in their assets than other 
financial, institutions to meet possible withdrawal requests of 
depositors. Thus, although commercial banks control the largest 
percentage of U.S. savings (nearly half), their role in mort- 
gage lending continues to be, for. them, a secondary activity. 
Making commercial short-term loans to local business firms is 
their primary activity. Short- term loans enable the banks to 
maximize profits and at the same time meet their liquidity re- 
quirements. 

The mortgage lending policies of commercial banks depend on 
the size of the banks' operations and on the community's fi- 
nancial needs. National banks, and most state banks, cannot 
make loans in excess of 75 percent of their time or savings^ 
deposits, or 100 percent of their combined capital and surplus, 
whichever is greater. Government- or state-insured or giiaran- 
^ teed loans are exempt from these ratio limitations. 

Conventional uninsured loans may be made up to 80 percent^of 
the appraised value and may extend to thirty years, if fully 
^amortized over the loan period. Insured conventional loans 
may be made to 95 percent of value with a term of thirty years, 
if fully amortized. FHA-insured and VA-guaranteed loans may 
be made to any 1 oan- to- va 1 ue limits with terms allowed by the 
federal government. Commerci^ banks may also make leasehold 
loans of more than ten years and construction loans of up to 
twenty-four months. 

Commercial banks generally increase mortgage lending activity 
when demand for local business loans is slack, and decrease 
"mortgage lending. when business loan demand is strong. That is, 
they tend to* invest funds in mortgage loans only when funds on 
hand exceed local bus i ness needs . The Improvement in secondary 
mortgage market operations has lessened the pressure on com- 
mercial banks to avoid heavy mortgage lending. Wi tKj^n act i ve 
secondary mortgage market , mortgages can be sold off by a bank 
to increase its cash on hand; thus mortgages are not reasonably 
liquidasanasset. V 
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Life Insurance Companies: Before 1 965, life ins^urance companies 
ranked ne)ct to savings and loan associations in i mportance^ i n 
lending on one-family residences. Since 1965, and undoubtedly 
because of continued and deep inroads of inflation and the re- 
'sultant erosion of the purchasing power of the dollar, insurance 
. com'panies have steadily, if not wholly, in some instances, with- 
drawn- from mortgage lending on individual residences. Life In- 
surance companies are currently i nter^s ted. not only in exacting 
the maximum possible interest return on their mortgage loans 
but also in seeking a part of the equity (action) r^eturns and 
especialy that share of increasing gross or net income due to 
inflationary causes. In the overall field of mortgage finan- 
cing, including multifamily residential structures,' life in-- 
surance companies rank third among the institutional lenders. 
The long-term nature of life insurance company assets, and the 
ability of actuaries to forecast the dollar amounts required 
in cash annually, make real estate mortgages , parti cul arly 
amortizing! mortgages, i deal ly sui ted as an investment medium 
for life insurance company funds. 

Most of the larger i nsurance xompani es conduct their mortgage 
loan operations on a national scale. Some of the insurance 
companies have tied their mortgage loans to life insurance 
plans (at low interest charges), but most others seek mortgage - 
loan investments as an outlet for surplus funds at interest 
rates averagi.ng 9 to 10 percent. These loans are made either 
through branch i nsurance offices located in the various states 
or through loan correspondent brokers who process the loan ap- 
plications and generally service these mortgage loans at a 
rate averaging three-eighths of 1 percent of the mortgage debt 
balance. Relaxation of state insurance company regulations, 
which permit a greater number of insurance companies to invest 
in out-of-state securities, allows insurance companies to play 
an important role in secondary mortgage market operations also. 
Insurance companies generally lend up to two-thirds of the ap- 
praised value of the property and over periods not exceeding 
thirty years, provided loans are amortized. FHA and VA mort- 
gages are accepted at government-regulated 1 oein-to-val ue ratios 
and at the l^gal rate of interest where such prove profitable 
tothelendingcompanies. 



Mortgage Com pani es : The liberalization of investment laws 
permitting* insurance companies and banks in one^state to ac- 
quire mortgage loans made in other states (particularly if 
such mortgages are FHA-insured or VA-guaranteed ) created a 
need for financial middlemen who would initiate mortgage loans 
and service them for the investing companies. Many real es- 
tate firms found th?ir rela'ted business operations well suited 
to fill this financial brokerage .service and ent6^red the mort- 
gage lending field as independent mortgage companies or as , 
loan corresp'ondents for life insurance firms, banks, or other 
institutional investors. These mortgage companies stre also 
often termed ^mortgage bankers. 
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In many states, the operations of mortgage firms has reached 
sizable proportions, especially in areas of the South and West 
v;here dependence on out-of-state funds is greatest. Mhe prin- 
cipal role of these lenders is to provide funds for brief loan 
periods only. Assignment records i ndi cate that the mortgages 
initiated by these brokerage firms are sold directly within a 
month or two to buyers in the secondary market. 

Mortgage^ compan i es generally retain the right to sercive the 
mortgagees that they initiate. A servicing fee of three-eighths 
of 1 percent of the outstanding debt balances is generally paid 
by the investment purchaser to the servicing firm. Thus, an 
outstanding mortgage balance of $10,000 yields $37.50 per annum, 
and this sum must cover not only the ledger and filing costs 
but also the mailing of monthly statements, follow-up corres- 
pondence, costs due to delinquent payments, and general over- 
head and office management expenses. Only by servicing a great 
volume of mortgages can mortgage loan service operations prove 
orofitable. This need for volume results in competition foir 
large "blocks" of mortgages in newly created subdivisions by 
those who combfne the mortgage brokerage and mortgage serviciag 
op^ra t i ons . 

Probably the most dominant policy of these mortgage companies 
is to deal in mortgages that are most readily salable in the 
secondary market. As a result, these "temporary" lenders pre- 
fer government- i nsured or government-guaranteed mortgages and 
•conventional or uninsured mortgages for which they have ad- 
vance purchase commitments. Generally, mortgage companies 
restrict their conventional loans to selected residential and 
business risks, and to loans in price ranges most suiiable to 
the needs of investment firms that comprise the secondary 
mortgage market. 



Federal Credi t Agencies 

What Are Fed eral Credit Agencies ?: , The Federal Housing Admin- 
istratio'n fFHA ) , now part of the U.S. Department of Housing^and 
Urban Development (HUD), was established to insure conventional 
mortgage loans made by private lenders. Its early successes 
were instrumental in demonstrating the soundness of the long- 
term, self -amor ti zi ng mortgage-- today the commonly accepted 
credit Instrument used to finance home purchases. Insurance 
programs modeled on FHA's were subsequently established for 
ex- serv i cenren under the auspices of the Veteran's Adminis- 
tration, and rural families under the Farmer's Home Adminis- 
tration. 



FHA-Insured Martgage : The Federal Housing Administration was 
created in 1934 by Act of Congress to encourage the construc- 
tion and ownership of homes, especially those in the lower 
price ranges. Under this act, borrowers, m'ay obtain loans up 
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to 97 percent of the value of newly constructed low-value homes 
that meet the requirements of the administrator. These loans 
on res i denti a1 propert i es ma^y be made on terms up to forty 
years. The FHA does not lend money. It insures loans made 
according to its regulations by approved ^1 enders . for such 
insurance, the borrower pays a premium of 0.5 percent per annum 
on average debt balances outstanding during the year. Since 
its inception , the FHA mortgage has proved highly advantageous • 
to both the borrower and the lender. Millions of people who 
might otherwise never have owned their homes have been enabled 
to do so on a basis that has proved very sound. The favorable 
interest rates and long term for repayment enable people of 
moderate incomes to acquire desirable homes within their means 
on a basis that assures freedom from mortgage debt within a 
definite period of time. Specifically, under the Federal 
Housing Act as ame'nded, individuals are able to borrow up to 
97 percent of the value of proposed or existing homes approved 
for mortgage lending purposes by the regional office ofNthe 
FHA. These mortgage loans cannot exceed 97 percent of the 
first $25,000 of appraised value plus 90 percent of the next . 
$10,000, and 80 percent of the excess over $35,000. A maximum 
mortgaae loan is specified for one-family dwel 1 i ng s , two- and 
three-family dwellings, and for four-family dwellings. 

The rate of interest plus 0.5 percent of th=e average annual 
outstanding loan to cover mortgage insurance premiums is part 
of the FHA regulation. FHA maximum loan and percentage ratios 
are subject to change by administrative and congress i onal act i on 

The requirements of the FHA as to construction and location of 
the property are high and are based upon very sound principles. 
In addition to the liberal terms obtainable by the borrower, 
he also has assurance that the cons tructi o'^n of his home has 
met the minimum standards of experts. This is a very impor-, 
tant feature, and it safeguards the interests of the home 
buyer.- FHA mortgage financing is obtainable through most 
lending institutions. To obtain such a loan, the prospective 
borrower must file his application with an eligible institu- 
tion. The institution then deals with the FHA, making the 
transaction a simple one insofar as the borrower is concerned. 
Should the required mortgage be- on proposed construction, the 
borrower must furnish complete plans and specifications. The 
lending institution supplies the FHA with complete data,, and 
the loan is then considered from the standpoint of physical 
security as well as the borrower ' s ability. Should it be 
found acceptable iri all respects, a commitment is issued by 
the FHA which enables the lender to bring the transaction to 



a conclusion. 



^ VA-Guaranteed Mort gage : Under the Servicemen's Readj us.tmen t 
Ac't oT T9'44V Vs amended , the "Korea" Gl Bill of July 1 952 , 
and the Veterans Housing Act of 1974, eligible vererans rfnd 
unremarried widows of veterans who died in the service or 
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from service-connected causes ma>-^btain guaranteed loans for 
the' purchase or construction of a hQiJie. Although the Veterans 
Administration (VA) admi ni s ters the provisions of the act, 
it does not, as a rule, lend any money. (Since JuTy 19, 1950, 
and subject to periodic congressional renewal, the VA has been 
authorized to make direct loans to veterans in areas where 
private capital at approved rates of interest for VA home fi- 
nancing is not available. These direct loans are limited to 
a maximum amount, although the amount may be increased in high- 
cost areas.) As in FHA-insured mortgages , the loans are made 
by ba,nks and other qualified mortgage lenders. The VA merely 
guarantees the payment of a part of the loan and pays the 
lender'any loss sustained, in case of default,' up to the 
amount of the guarantee. 

The maximum guaranty credit for any one veteran is 60 percent 
of a loan on the^ reasonabl e value of a veteran's home, with 
a top quarnatee set by the existing law. This guarantee need 
not be used immediately or in any single transaction. Ter- 
mination dates set for application of VA mortgage loans have 
been eliminated under the Veterans Housing Act of 1970. This 
new law f ur ther rei ns ta tes and extends indefinitely all unused 
VA entitlement of World War II or Korean confl i ct veterans. 
For veterans who served after Jhnuary 31, 1955, the 1970 act- 
extends "until used" unexpired and not yet accured entitlement. 
Provisions of this law are also applicable to purchase of 
mobile homes, condominiums, and cooperatives, as well as one- 
family residences. ^ 

The VA l^ans can be written for terms up to forty years, and 
the interest rate may not exceed legal limits set by the VA. 
No special mortgage forms are required other than th^oseused \ 
in the state in which the property is situated. The mortgage, 
however, must provide that the veteran shall have the privilege 
of repaying the indebtedness in whole or in part without pay- 
ment of a penalty. To be eligible for a VA guaranteed loan, a 
veteran borrower must have had at least ninety (90) days of 
active service during the official war periods or have been 
disabled in the service during the war. - The veteran must also 
have been discharged under conditions other than dishonorable. 
Only improvements that meet *VA minimum construction standards 
are subject to mortgage loan guaran ty . 



Se conda ry Institutions 



What Are_ Secondary Institutions ?: Originally the secondary 
market consisted primarily of institutional investors who 
sought to purchase mortgages as investments, but were not 
organized to make residential loans directly to borrowers. 
On occasion, primary lejiders also act as secondary purchasers; ^ 
when their supply of funas exceed the local demand for mortgage 
loans, they may^choose to Acquire mortgages from banks or mort- 
gage companies located in other housing markets. 
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In recent years the secondafy . market has increasingly come to 
be identified with three government-si>pported agenci es whose 
function is to join the primary mortgage market to the nation's 
larger capital markets in" order to provide local banks with 
liquidity and assure a steadier supply of credit for the home- 
building industry. These three entities are: 

1. The Government National Mortgage Association (GNMA), or- 
ganized primari Ty to provide a secondary market for loans 
written under the Federal government's subsidized interest 
rate programs. GNMA is Federally owned, and operates with-, 
in the Department of Housing and Urban Development. 

2. The Federal National Mortgage Association (FNMA), whose 
mortgage purchase programs feed money into local housing 
markets when capital is in short supply. FNMA (since it 
was spun off from the Department of Housing and Urban De- 
velopment in 1968) is a privately owned, but Federally 
regulated and supported stock corporati on . 

3. The Federal Home Loan Mortgage Corporation (FHLMC), or- 
ganized to enable savings i ns ti tuti-ems partici pat i ng in 
the Federal Home Loan Bank system to maintain their mort- 
gage loan portfolios on a more liquid footing. FHLMC is 
a privately owned, but Federally regulated and supported 
stock corporation. 

In recent years, FHA's mortgajge insurance programs have exper- 
ienced increased competition from private mortgage insurers 
(PMI's). Learning from FHA ' s exper i ence , the PMI's have been 
able to offer lenders faster service without the limits on 
interest rates and loan amounts inherent in government in- 
suranceprograms. 

Federal National Mortgage Association (FNMA, FHLMC ). : The f ed- 
eraf goVernment began efforts to create a secondary mortgage 
market in 1935. The efforts were not particularly successful 
though, and in 1938 the Federal National Mortgage Association, 
better known as FNMA (Fannie Mae), was created. 

Although the circumstances surrounding the origin of FNMA. might 
indicate an intent to establish a permanent secondary market, 
it is clear in retrospect that the agency was organized as an 
emergency measure, the objective being to provide liquidity 
for government- i nsured mortgage loans insured at high loan-to- 
value ratios and at relatively low rates of interest* The 
association in effect was to provide money for the stimulation, 
of new construction by purchasing mortgage obligations insured 
up to 100 percent of loan val.ue by another government agency. 
Thus the government was to occupy the dual position of insurer 
and lender. FNMA operated on this basis for thirty years, re- 
sponding from time to time to economic or political changes 
and occasionally drawing criticism. 
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To partialjy meet cri t i ci sms , bi/c p r i n crpaTTi^i^^ 
ulus for the lagging hous i ng ij^fdus try , the Federal Natio>6^ 
Mortgage Association, under th/e Housing Act of 1 968, was par- 
titioned into separate and distinct corporations. One corpbsr- 
at i orKCT^^it i nues/to^ the Federal National Mortgage \ 

Assorci atr\p^ (^nr^^ but i/s now operated as a private cor-\ 

porartion wWse srock is priva/cely held, although operations areV 
regu\ated 'b^Kt h/e ^ s e cr e t a ry^ the Department of Housing and ^ 
Urban Bi^elop^ent . J^^^^ FNMA's secondary mortgage mar- 

ket oper^t^l^nj;^^ in the private (conventional) sector^ 

of mortgage^endi ng , Congress , under the 1 970 Housing Act which' 
President Nixon signed into law on July 24, 1 970 , prov i ded the 
mechanism for a secondaKy market in "conventional" mortgages. 
The Emergency Home Finance Act in 1970 also allows the Federal 
Home Loan Bank Board (FHLBB) to buy and sell both government- 
backed and conventional mortgages. For this purpose the FHLBB 
has created a separate corporation, the Federal Home Loan Mort- 
gage Corporation (FHLMC), %o operate its secondary mortgage 
market. Aims and procedures that will guide the operations 
of these government-backed secondary mortgage markets are as 
follows: 

1. Development of standardized mortgage deed of trust and note 
forms that will be operative, in most states. 

2. Encouragement of legislation to change archaic usury and 
other statutes that hinder mortgage lending and impede 
the free flow of mortgage funds among states. 

3. Conventional mortgages will be purchased in approved mini- 
mum and maximum amounts under a free market auction similar 
tp, but . conducted separately from, auctionsheld for purchase 
of government- backed (FHA and VA) mortgages. 

4. The conventional ^auction will be conducted by telephone. To 
qualify, mortgage sel 1 ers will be required by FNMA to pay a 
participation or offering fee of one one-hundredth of 1 per- 
cent of the amount of the offer. The fee will be nonrefund- 
able. The seller will also be required, upon acceptance of 
the offer, to pay a nonrefundable commitment fee (good for 

a six-month commitment period) in the amount of three-quarters 
of 1 percent of the commitment amount. 

■ * 

5. Upon acceptance of the offer the seller must subscribe to 
FNMA common stock in an amount equal to a specified percen- 
tage, generally one-half of 1 percent. Upon delivery of the 
mortgages the seller must subscribe for an additional ahvqunt 
of common stock equal to one-half of 1 percent of the remain- 
ing balances of such mortgages. Servicers of FfJMA mortgages, 
unless specifically authorized otherwise, must at all tim'es 
offer sufficient shares of FNMA common stock equal to a 
specified percentage (currently 1 percent) of the total of 
the unpaid balances on all of the mortgages being serviced 
for FNMA. 
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6. The selling price of conventi onal mortgage loans will'be^ 
adjusted to realize a given yield under the Free Market 
Syst^em aucticyi, If the specified mortgage rate of/interest 
is at or above the yield, the mortg&ge will be purchased at 
par; otherwi se the^ purcahse price will be ad j us ted downward 
to produce the bid yield and on the basis of a thirty-year 
mortgage to be paid off in twelve years regardl ess-'Of ac- 
tual terms of the loan. 

7. As with FHA and VA mortgages, the conventional loans must- 
be made to mortgagors and on properties that meet standard- 
ized credit, construction, and location standards. 

8. Mortgas^s^ (conventi onal as well as government-backed loans) 
are J/mtend^d to be held by FNMA until amortized as scheduled*^, 
thu/s^ provi ai ng a supply of new money for the home industry 

addi tionVand above the amounts, that are normal ly gener- 
teii- f rom traditional (private) sources. 

9. FNMA i s authori zed to buy mortgages up to a twenty-fiv^ 

to one debt to capital ratio. To succeed as investor-owned 
secondary mar ket corpora ti ons , FNMA and FHLMC must earn an 
overall yield on outstanding capital that will provide a 
^ profitable return to its capital investors. 



G overnment National Mortgage Association (GNMA) : On the division 
of the FNMA^i.n 1 968, into two parts, the second part became known 
as the Government National Mortgage Association, or, for short, 
Ginnie Mae. - GNMA as a government agency is a division of the 
Department of Housing and Urban Development. It is a corpor- 
ation without capital stock, designed to handle special assis- 
tance, management , and related f i nanci al f unct i on s . Special 
ass i stance functi ons include making financing available for 
selected residential mortgages in underdeveloped areas and in 
stablizing mortgage lending and home-bui 1 d'i ng activity. The ' 
management functions of GNMA relate to its Mortgage portfolio 
acquired from .FN(^A before 1 968. GNMA may buy, service, and 
sell mortgages in an orderly manner to have a mi nimum adverse 
effe^ct upon the residential mortgage market and a minimum loss 
to the federal government. GNMA and FNMA will also work "in 
tandem" for the purchase of mortgages for lower-income familie^. 
Under these working arrangements GNMA can commit itself to low- 
yield mortgdges--dt par--and then sell these mortgages to FNMA 
at the current market rate with GNMA absorbing the price dif- 
ferential. GNMA's securi ti es , whi ch are backed by pools of 
FHA and VA mortgages, are underwritten, of course, by the full 
faith arid credit of the United States government. 



Farmers Home Loan Agency (FmHA ): The Farmers Home Administration 
is an office of the U.S. Department of Agr i cul tura. Congress ^^es- 
tablished the ageacy in 1946 to help provide loans for farmers 
who cannot get credit from any other source. The agency gives 
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loans only to farmers ivho- operate small farms, or who wish to 
purchase fp'rms wortf\, less than the average smaTl farm in their 
area. Local offices of the Adm^i ni strati on issue the loans for 
short periods or up to 40 years. They provfe-ide loans on the 
recommen-dati ons ""of local three-man commi ttees, whi ch include at 
least two farmers. Farmers receive loans for majiy purposes, 
including farm operations and supplies » family living needs, 
purchase of land or housi'ng, improvements, arnd ^special disaster 
rel f-ef . « , - 

Private Mortgage Insurance Companies (PMI's) : A mortgage that 
is not 'FHA-insured or VA-guarnateed i.s generally referred to as 
a eonventi onal mortgage . Such., mortgages are, as a rule,' made 
at lower loan-to-vaXue rhtios than .those 'that are government- 
insured or guaranteed. To make conventional ■ 1 oans more.cam- 
petitive with high loan-to-value finan°cing authorised under 
go.vernment-spo.nspred mortgage programs , a new concept in home 
-financing was introduced and placed i nto ' operation in February, 
1957 by the Mortgage Guaranty Insurance Corporation of Mil- 
waukee, Wisconsin. Under 'provi si ons of thi s. i nsured 1 endi ng 
program, home purchasers ^an obtain conventional mortgage loans 
up tO' 95 percent of the Tower of sales-price or appraised' pro- 
perty, value, at going (prevailing) rates of interest and at 
insurance -costs less than- half those charged under the. FHA 
mortgage J-endi ng system. Under federal savings and loan reg- 
ulations, 16'ans in e«<cess ,of 80 percent of val ue cannot be 
offered wi thout addi ti onal" securi ty as guarantee of debt pay- 
ment i.n case of default. Under Mortgage G'uaranty Insurance 
Corporation (MGIC) provi si ons a, guarantee of the top 20 per- ■ 
cent of the requested loan is offered which ena.bles the sav- 
ings and loan association to lend the, full mortgage at costs 
a.s f ol 1 ows : 

,1. A one-time insurance charge*of 2 percent of the loan value," 
to be paid at time of mortgage closing, or 

2. An initial charge of one-half of 1 percent of the mortgage" 
loan at time of closing, plus an appraisal fee-and th^en- 
, one-fourth of 1 percent annually of remaining mortgage ^ 
balances. The insurance may be canceled at ' any .time" 6y ° 
the Tender. ■ The annual char'g.es are accrued monthly to'^- 
■gether with regul ar -pri nci pal and in'tere,st payments. 

In consideration of either of the , above 'payments , MGIC guar- 
antees, at its option, either to take possession of a fore- 
closed property and pay the "insured mortgagee "the outstanding 
debt, including defaulted interest and foreclosure- cos ts , or 
to pay 20 percent of this amount without taking possession of 
the property. _ ,\ ■ • • . . 

In looking at the mortgages offered to it for insurance, MGfc 
considers both the property and th,e mortgagor but tends to place 
more emplasis .on the latter. It insures. -first mortgages on ' 
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•one- to four-family homes, and currently about 99 percent of 
those were owner-occupied at the time of insurance. Except for 
a special program that is u^ed only rarely, the maximum loan is 
limited to 95 percent of market value and is limited in amount 
by state or federal rules controlling mortgage lending institu- 
tions. 

Although it insures mortgages on older homes, MGIC requires 
especially careful appraisal of both the home and the neighbor- 
hood and may require modernization of facilities within the,, 
house. Special practices apply to other typ'es of property 
whose value may drop sharply. 

Because of its recognition of the essential role, of cre-dit re- 
porting in determination of risk, MGIC has established a pro- 
gram to. improve th6 quality of suCh reports and thus lower the* 
level of risk undertaken by both itself and its approved lend- 
ing institutions. In checking on a mortgagor,- MGIC pajs par- 
ticular attention not only to the level and stability of his 
income and to his housing cost-income ratio, whicrf should not 
exceed 25 percent, but also to other long-term commitments for« 
monthly payments, which should not exceed.33 to 35 percent of 
i ncome i n tota 1 . " • 

The Milwaukee-based mortgage guaranty insurance company has 
successfully served since 1962 as the private enterprise 
counterpart of the FHA i nsured 1 oan program . Thirteen thousand 
mor,tgage 1 endi ng. f i rms thorughou t the country are currently 
authorized to originate MGIC-inSured loans. Under terms of 
the. private insurance program, institutions can now lend in 
excess of legally permited loan atnounts up to 95 percent of 
appraised home .value. The excess loan amount is insured a- 
gainst loss caused by loan del i nquenqy and .subsequent fore- 
closureatpublicauctiont 

FINAN CIAL INSTITliTIONS AND -SOLAR ENERGY FINANCING ^ 
Lender Awareness ''and ReceT:)ti vi ty « 

The fourfold increase in crude oil prices following th,e 1.973- 
1974 oil embargo led to price increases in all energy sources 
aad set the stage for the growing Interest in solar and other 
alternative energy systems ; Lenders are no less aware of these 
cri ti cal changes than the* rest of us-. More than three-fourths- 
of lenders respondfng (to interviews in 1976) said^that energy 
costs have increased as a' factor. in their own residential fi-. • 
nancing deci s i ons s i nee energy costs began to rise in 1973. 
Virtually all believed that the impact of energy costs would - 
cantinue, and the majority believed it would Increase in the 
n e X t f i V e y qi^a r^s ; 

T his growi ng sensi ti vi ty of 1 enders to energy costs i s paral 1 el ed 
by em i ncreasi ng awareness of the solar alternative- , and accom - . 
, pani ed"l)y a surprising optimrsm Mls to the rate at whi ch- i t wi 1 1 
become a reality. . 
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Most lenders interviewed knew of the existence of residential 
solar energy heatiffg systems , and some 'had a good Tdea of how 
such systems work. About one^fourth had already seen estimates 
of energy savi ngs cost-benefi t analyses , or^ specific plans, 
nrodels or installed systems:. Several commerci al banks had 
among their business customers small solar equipment ma»|ufac- 
turers or architectural firms involved in solar projects. One 
shavings bank surveyed was in the process of developing a new 
solar-heated branch office, and several other institutions are 
ajready utilizing solar energy for space heating or hot water 
purposes . ' ' 

As should be expected, tH'e- most informed lenders tend to be 
thos'e who have dealt with actual loan requests. Even here, 
"however, the amount of information gathered on technical and 
e ven economi c aspects of solar heating frequently reflects a 
personal iiiterest bank officers have in the -subject, rather 
than * any analytic req ui remen ts of theloan decision. In fact, 
there are many issues that may weigh more heavily in the bal- 
ance than detailed analyses of thi s sort--such as lenders as- 
sessment of when-and'if such systems will be- commerci al ly 
available in their own areas as an option for the average 
homeowner. Lenders appear to haye a very pos i t i ve outl ook 
on the future of resident^ial solar energy in -this context, ^ ^ 
Of the lenders surveyed (in 1,976) who were^ prep'ared to express 
an opinion, more than one-fourth thought that systems would be 
commercially available in their own areas within five years, 
and half thought this wbul d "happen within five to ten years. 

Lender o pttmi sm an the prospects for the solar al ternati ve i s 
accompan i ed by a ^idespread belief that 2t_ i_s^ iji the public 
i.n teres t and warrants public support . In fa^ct, more than 
th'ree- f our ths of lenders questioned be! i eved that there was 
.a "high t>r i or i ty" • need, f or the development of solar or other 
alternative energy sources. An even larger proportion sup- 
ported an active government role in the development and dis- 
semination of solar energy systems . And, nearly three-fourths 
were in favor of financial subsi di es , ^at least in the, short 
run,, if they proved necessary. 

Lender s Af^ d Solar Energy Financing 

Lender Co ncerns An Overview : A pos i ti ve 1 ender atti tude 
tov/ards sola/ energy sys^tems wi 1 1 undoubtedly be wel comed .,by 
the growing Vanks ^f solar 'advocates. Figure 2 compiles the 
results of a survey of 1 Anders ^ ( 1 977 data) regardi ng, potenti al 
impact's to soldr energy d'evel opment as viewed by the -f i nanci a 1 
sector.- Lenders have already proven themselves receiptive to 
financing requests' to somfe degree. 
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In fact, virtually all lenders surveyed believe^d that they would 
seriously consider financing requests at that time. More than a 
dozen New Engl and J enders had already been ayproached , and loan3 
had been irade in half of these cases. And F'lorida lenders sur- 
\A3yed had been making ►loans on homes with solar ht),t water systems 
for over thirty years. , . 

At this time, it should be recognized that lender support for 
the development of solar in the national interest, and even 
optimism -as to its probable rate of development, is not synon- 
ymous with the unrestricted availability of finan^in^g for solar 
homes today. Whatever lenders attitudes on f)ublic issues may 
be, they must make loan decisions in a manner that accords with 
their day to day standards of business operations, and the stan- 
dards of the numerjDAiSP pubi i c regulatory agencies concerned with 
a sound Ba'nking sy^'t^^and protect i on of depositors interests. 
Those who favor re#n.^^ uses of solar energy will haV^ to 

understand and respond to legitimate concerns involved if the 
inclination of lenders to support solar is to result inthe 
actual availability of financing. In^this context, four areas 
of current uncertainty deservejihe greatest attent-ion*: 

1 . Sol ar Retrof i ts 

2. The impact on property values; ^ 

3. • Techni cal • performance of the systems; and 

4. Estimates of future savings in energy costs. 
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' ISSUES OF CONCERN TO LENDERS IN MAKING LOANS 
Percentage of Lenders Identifying Selected AspectsS* Solar Energy Heating Systems as 
Primary or Substantial Concerns in-Fttture Lending Decisions 



ASPECT 



PRIMARY CONCERN 



6 . 



0 



SUBSTANTIAL CONCERr^ TOTAL 

86% 




Source; The survey comliicled in rurly 1976 l)y KeKionul uiid UrJtan PhiiinirrK IiiipU'iiu-ntalion. Inc., with 
supporl from iho Nalioiial Scipnir Fouiitliilions. ~. 
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Lender Concerns Solar Retrofits : In reviewing requests for 
consumer or home improvement loans, the lender is principally 
concerned with borrower credit worthiness and relatively dis- 
interested in the value of the property as collateral for the 
loan. Thus homeowners planning soJar retrofit installations 
should be able to secure financing at normal terms from tra- 
di ti onal sources . 

In terms of lender receptivity, substantially different con- 
siderations apply to retrofit installations (whether for hot 
water or space heating or cooling) as opposed to solar systems 
installed in new res i'^dentai 1 construction. A homeowner wishing' 
to convert an existing unit to solar ho/t water or sOl^ar space 
heat (or to make any. other type of physical improvements to 
his home) would ordinarily apply for a/ "home i mprovemen.t " loan. 

In many and perhaps most cases, the experimental status of solar 
heating and hot water technol ogi es will not affect the avail- 
ability or basic terms of home improvement loans for retrofit 
installation. As a practical matter, it is generally expected, 
at least in<ti>6 short term, that the vast majority of solar 
retrofit ir\sral 1 ation will be for hot water alone rather than, 
for space f?eating. In the case o-LjJ^nsecured consumer loans 
(the lik^ly^type of financing f or rfetrof i t, sol ar hot water), 
the lender's only concern is the credit worthiness of the 
borrower--in other words, the amount of addi ti onal i ndebtedness 
he can reasonably be expected to support. Even where the loan 
is secured by the "chattel " bei ng purchased, lenders are to an 
increasing degree concerned primarily wit^h the borrower, and 
are relatively indifferent to the purpose, of the loan itself. 
Moreover, those seeking financing for solar retrofits will be* 
homeowners and wi.ll f requen tVy « have a more than adequate equity 
built up to serve as collateral for ban'lcs that require such 
security. ^ 

Insofar as lenders will take the trouble ^to review the proposed 
solar retrofi t system itself, their intent will be to assure 
that the borrower obtains a reputable product, properly in- 
stalled--not to assess the attractiveness of the expenditure 
from an investmejit point of view. Here the^lender is motivated 
by his experi ence' tha t dissatisfied or defrauded consumers may 
be more likely to default on a loan, or in some instances, may 
attempt to hold the lending institution liable for the defec-' 
tive product. Problems could arise, however, where a first 
mortgage holder's permission is required and he perceives a 
solar space heating retrofit as potentially injurious to his 
security interest in the property. 



L ender Co n cerns Property Value : The focus on value *is in- 
herent in the posi^tion of lenders in relation to any property 
on which they make loans and should be understood by those 
seeking financing for solar homes. Lenders tn fact^have a 
number of concrete and reasonably predictable concerns regarding 
the performance and economics of residential solar energy systems 
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that must be addressed in any effort to obtain financing. It 
interests the lender primarily insofar as it affects the value 
o.f the property involved'and the ease with which the home can 
be disposed -of under foreclosure conditions. The controlling 
factors here are that mortgage loans are made in relation to 
the value of the property offered as collateral, rather than 
its cost--and that there is considerable uncertai nty ri ght now 
as to how much value a solar energy system adds to housing. 

Performance Failure: The uncertainty of performance is essen- 
tially a particular form of lender concern over value (and re- 
lated to it, of the likelihood of default). In other words, 
performance failure is a contingency that might require ex- 
penditures for repair or replacement by the owner- borrow , po- 
tentially jeopordizing his financial reliability and reducing 
the market value of the property unless and until such action 
was taken. 

f* ■ ■ ■. 

Overi mprovements : What lenders will necessarily consider--and 
what those promoting solar must c-ons i der-- i s the possibility 
that the market value of a 5K0lar installation (in terms of re- 
sale of the property) may be less than the costs associated 
with it, and that loans offered will therefore be a propor- 
tionally smaller part of the additional sales price. Such* a 
disparity between costs and value would not be unique to solar 
energy systems, and is in fact a familiar part of housing mar- 
ket experience. There are many examples of what lenders often 
call J'overimprovement,s"--housing features with costs greater 
than market value. Whether or not a particular feature is an 
"overimprdvement" will vary among areas: in some neighborhoods 
a swimming pool, for example, may add as much to value as costs, 
while in others it would be an ovierimprovement . The .question 
at issue here for those concerned with marketing solar housing 
7S the extent to which lenders will treat the addit?ional costs 
involved in solar as such an "ov^rimprovement " antj thus exclude 
it from prqperty valuation in determining the maximum amount 
they wi 1 1 1 end . / 

Economic Obsolence: In some cases' the 1 i kel i hood ^of technolog- 
ical or economic obsol ence-- that is, the development of better 
or cheaper systems--is an equal or greater concern in the pro- 
perty valuation decision than th,e possibility of performance 
failure. 

Over time, of course, the market place will tterve as the defin- 
itive abriter of value, with the known, unknowns, virtues and 
liabilities of solar systems reflected in the price consumers 
are willing to pay for new and used homes that incorporate 
solar energy devices. But right now, and for the next few 
years, this information will be lacking in most markets, and 
leaders wi>l have to proceed io the absence of any significant 
volume of experience in the sale of. "comparable" homes. 
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The question of valuation is obviously a crucial one. Althou^gh 
lenders may emphasize that it is the market that establishes 
value, their judgments and educated guesses as to what market 
value is will be unusually important until there is the "body 
of experience" that they (and most everyone else) is waiting for. 



Lend er Concerns Technical Performance : Another of the lender 
concerns deals with the problem of technical review of solar 
energy systems, and of the'- presence or ease of conversion to 
a standard heating system. Financial institutions generally 
lack the motivation, and in many instances the skills to examine 
the technical details of cons truct i on-- i ncl ud i ng basic mechan- 
ical systems--wi th the same care they de\^ote to assessing the 
marketability, value and overal 1 1 i vabil i ty of homes proposed 
for mortgage financing. 

.Where special needs arise, a detailed engineering revijew will 
be undertaken using an outside consultant if necessary. Such 
a review%is generally the rule in large, complex multi-family 
projects, but a rare except i on in a single-family house and 
smaller rental developments. The need simply does not arise. 

However, when lenders receive their first loan requests on 
solar'heated homes, they are confronted by a situation where 
uncertai nti esv regardj ng the mechanical reliability of the 
heating system itself do, in fact, have a direct bearing on 
the value of paoperty as security for the mortgage. In many 
cases, before a lender will consider financing a significant 
part of this solar first cost as part of the total mortgage, 
he will probably require a thorough engineering appraisal of 
the system proposed for i nstal 1 ati on--poss i bly at the bor- 
rower's expense. Wjiere the lender can't make such an eval- 
u"ation, or sees it as too much trouble to obtain for a single 
loan request, he may be even more conservative in respect to 
the terms on which financing will be provided, if it is pro- 
vided at al 1 . ' 

One possible solution to concern over performance failures that 
has been suggested is the provision of "warra.n ti es by solar 
manufacturers, installers or home builders. But lenders at- 
tach little j'f any importance to the availability of a warran- 
ty for solar products. They tend to believe that if the manu- 
facturer is a small company with limited economic resources, 
the warranty would prove of little or no value (even if the 
firm was still in business when the problem arose). Conversely, 
if the producer is large and reputable, .the warranty is viewed 
as largely superfluous since the firm will, in most cases, feel 
obligated to stand behind its components--parti cul arly in light, 
of the stiffening legal context of implied fitness and warranty 
of products. ^ On the other t\and, the entry of major companies 
with national reputations in\o the field might help make the 
difference in many cases. Lenders woul d obvi ously feel more 
comfortable with a name manufacturer of established reputation, 
who was certaiji to remain in business over the life of the system. 



,? 



IX-S-183 



Lender Concerns Estimating Energy Savings : There is one 
further " techni cal " i ssue of centra.! concern to borrowers anti 
lenders in the financing of solar housing: the manner in which 
projected utility cost savings are taken. into account in finan- 
cing decisions. The expectation of operating cost savings is 
the very aspect of solar energy systems that holds the promise 
of their widespread adoption in housing- But at least at the 
outset, there are likely to be some real problems raised by 
lenders' treatments of " these projections in the evaluation of 
multi-family rental prop^^ert i e;s , and in their use for gauging 
the value of single-family installations and underwriting ap- 
plicants for home mortgages- 

"Income" (Mul ti -Fami ly ) Properties: In most i ns tances , -1 enders 
employ the "economic" or "inconre" valuation approach to assess- 
ing mortgage loan requests for i ncome-produci ng-properti es, such 
as rental housing developments. No matter what precise valua- 
tion technique is empl oyed , solar hea ti ng ' s i mpact onl the a t,- 
tractiveness of a project for mortgage financing will be re- 
flected in a straightforward manner since the estimated solar 
costs and savings enter directly into the net cash f]ow equation 
(income less operating expenses and mortgage debt service). 

As part of his loan application, the developer will have sut)- 
mitted a detailed pro forma for the proposed deyel opmen t--that « 
is, a statement itemizing the major constituents of gro'ss in- 
come and expenses. A Jarge part of the first costs for the 
solar energy system will be reflected in the Ti.pe item for 
annual debt service (amortization of loan principal plus in- 
terest). Other components of total expenses--parti cul arly the 
allocations for repairs and maintenance, utility cosds, real 
estate taxes, insurance, and any reserves for replacement or 
other conti ngenci es--mi ght also be affected to some (extent by 
the inclusion of solar heating. " By /the time ser i ousydevel oper 
interest in using solar heat for reKital units ma teri i 2es , 
these estimates may prove rel at-i vely^easy to verify based on 
actual operating experinece with specific systems* in 3^ingTe- 
family homes, other types*- of commercial properties, and gov- 
ernment demonstration programs.' However, for lenders at the — 
present time, it would be difficult to dev i se a * credi bl e fi- 
nancial projection for a solar heated development. Since 
economic feasibility is based entirely on cash flow, the in- 
come stream would have to-be determined "wi thi n ' reasofiabl e 
probability". Otherwise the cash flow projections would have 
to.be discounted heavily i the apprai sal pjocess--or the 
project rejected altogether. 

Most lenders indicated they would- in fact ask for (or prepare 
themselves) income statements cornparing the project*s econom- 
ics both with and without the solar system. Fqr valuation ' 
purposes, net , opera ti ng income under both solar and conventional 
alternatives would be examined solely on the bas i s' of current 
utility prices, with no allowance for fuel price inflation 
over time. Th^is is consi stent wl th general practice for- 



ERLC 



r.... ....... . 



IX-S-184 ... 

» 

quantifying other components of cash flow which may well vary 
unpredictably from year to year, such as real estate taxes, 
wages for security and maintenance personnel and the basic 
rent schedule for the units themselves. 

From the lender's perspective, the 1 arger .seal e of mul ti -f ami ly 
devel opmeTfb makes them a more risky setting to try out solar 
energy technologies for the first time. However, as the eco- 
nomics Qf solar* use beoorfie more favorable, system adoptions 
may spread even' faster in the multi-family than in the single- 
family sector. The developers of mul t,i -f ami ly housing and the 
lenders who finance them are highly sensitive to energy costs 
and eager to adopt any innovation that will convert their costs 
fo fixed ratjier than variable expenses, Thus\ whenever the eco- 
nomics of solar i nstal 1 ati on begi n to become truly competitive 
with conventional heating, one can anticipate arelatively 
rapid rate of acceptance of solar heat on the part of those 
who 4jnderwrite income properties. 

'•Sales" (Single-Family) Properties: While the v^^l^-^'on of in- 
come properties automa^tXcal ly reflec^ts energy cost pavings in 
property appraisal, this is not generall-y thd case where single- 
family and other "sales" housing is concerned. In appraising 
the value of such housing, lenders normal ly^Took to information 
on the ^1 e of "comparable homes": However, in the case of 
solar homes, this inform^ation will, be lacking for several years, 
and, lenders will be reluctant to use "replacement costs" (that 
-is, the price of the solar installation) as an alternative in»^ 
dicator of value. Given the. i nappl i cabi 1 i ty of these usual 
appraisal measures, some lenders will turn to consideration 
of energy costs savings as a partial if not wholly satisfactory 
surrogate. But they will necessarily encounter many of the same 
problems involved in the valuation of income properti es--and can 
be expected to handle in a similar manner, K 

Solar first costs can be determined with some reJLt4bi 1 i ty , \but 
in reviewing estimates of fuel savings with solar heat, the 
lender must contend with the claims of manuf act^urers and de- 
velopers which he Suspects may be inflated and self-serving, or 
else obtain "educated guesses" from more di si nt'erested experts. 
Lenders will tend to discount the estimates to some degree, *and 
to resist the use of projected increases in alternative fuel 

costs.' . " • 

> » 

The approach to valuation will vary consi derably , - from payback 
period and ^ 1 i f ecy cl e cost analyses to the "capitalizing" of 
estimated savings and dis.counted cash flow approximations of 
present value. None of these types of analysis was viewed as 
cfetermining the decision on whether to loan or not, but rather 
as partial guides in appraising value. 

Where' a permanent mortgage has been requested, -the loan officer 
has an absolute assurance that the coVt of a solar system is 
worth the going price to at least (fne consumer--namely', the 
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purchaser hjmself. Speculative sales housing raises differen-f 
issues, with some lenders feeling that the absence df "an actual 
buyer in Jiand" makes the situation too risky. The construction 
lender may question the ability of the developer to successfully 
market solar-heated homes on a speculative basis in other than 
luxury markets--regardl ess of how attractive solar heat may or 
m.ay not be from an investment point of view (payback periods, etc. 

Some loan officers i ndicated , ^ however , that at fi^Jt they will 
be even more likely to finance a developer than a/nome buyer. 
In their view, the developer will have already api)lied his ct)n- 
siderable professional expertise to evaluating both the techni- 
cal performance of the system he has selected and the market- 
ability of the resulting pro'cjuct. When that "credible develop- 
er" arrives, banks surveyed will have no trouble lending to 
him--but they don't generally expect hom ^to appear tomorrow. 

Lenders will be even more inclined than usual to make financing 
available only to those developers with whom they already have 
a working relationship, or who have a sound and ''establ i shed rep- 
utation, and to those who have financial resources of their own 
sufficient to handle any serious difficulties that might arise 
in the installation or operation of the solar energy system. , 
And in thbse few cases where lenders do decide to finance spec- 
ulative homes w^ith solar heat, they will most 1 i kely restri ct, 
the builder to only one or two units at a time. * 

Av ailability of Mortgage Fi nanCvi n'g : Lenders appear generally 
"r'ecep^tive to mortgage requests on solar homes. Few will reject 
such a request outright without at least having first considered 
the specifics of the^roposaV But the terms on which financing 
will be offered will vary considerably, depending on the type 
of project, the specifics of the propos'al, and the attitudes ^ 
and experiences of the particular institution involved. 
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dit Review Procedures -- A Bias Against Solar?: ^The ske^pticism 
of lenders regarding the ref 1 ecti on ^of solar costs and savings 
in property value will surely be the primary problem for "average' 
home buyers who want to go ^olar. But; there is another problem 
as well which hgs to do with the way lenders evaluate a borrower'! 
capacity to pay off a mortgage loan. 

Most lenders use a comparison of projected housing costs to ^ 
loan applicant income as'a g-uide to determining the maximum 
\ size Igan for which a given individual can qualify. The widely 
fo 11 owed standard is that housing costs should not exceed 251 
of income. But in most cases, this calculation of housing cpsts 
does not include energy costs^>and is^limited to P^rinctpal and 
interest payments on the loan. Property Taxes, and Hazard I^n- 
surance pres i ums { thus often referred to 'by the acronym "PITI"). 
The 'resulting problem for solar homes is that savings in utility 
bills will not improve the borrower's financial capacity as 
evaluated by the lender. At the same time, the higher first 
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costs of the property, as reflected in a higher mortgage re- 
quest (and higher principal and interest payments), and higher 
insurance ^emiums and property taxes, do raise the income re- 
quirement/^ as established by the PITI test. 

Hedging Against Uncertainty: Until more market experience 
accumulates on solar homes, most first mortgage loans will be 
made in amounts that leave out 

part of the additional costs 

attributable to the solar system. 

Financial institutions will, in many situations, be prepared to ^ 
lend on solar heated homes. However, fpras long as the data 
remains shallow on system performance and market val ue , lenders 
proceeding with such 1 oans' wi 1 1 find some way to hedge their 
risks in the specific terms and conditions whi ch f i nanci ng is 
. estended. Loan officers emphas i ze that the mjortgage "is a very 
f 1 exi bl e i nsp^ument " . Above all, this flexibility resides in 
the ability of the lender to limit his exposure by reducing the^ 
loan amount as a proportion of actual costs. This can be ac- 
' complished in several way s : 

. / ^ ' 

1. By appraising the property at a value lower th^n its cost 
or selling pri ce ; ' ^ 

2. By offering the borrower a lower than normal loan-to-value 
ratio, or 

3. By both methods combined. 

The net effect of these methods of risk reduction when applied 
to financing requests for solar homes will be to impose higher 
down payment requirements on prospective homeowners a^nd ne- 
cessitate largeV contributions of equity from developers and 
housing investors. 

Federa l Credit Agencies api^d Solar Enfergy Financing 

At the present time, the FHA is actively developing its positioft 
in regard to the terms under which properties with solar energy 
systems will be eligible for its 'guarantees--most importantly 
under its Section 203 program (the basic program for insuring 
unsubsidized private lender financing of single-family homes) 
and the "Title I" insurance pr'ogram for property improvements 
, ^ and mobile home purchases. The provisions of the property im- 
provement program were specifically amended in 1974 to make 
expenditures on -sol ar* energy systems eligible for loan insur- 
ance. FHA is welV^along in the process of i ncorpora t i ng s tan- 
dards for solar systems into their Minimum Property Standards. 
In addition to these specific initiatives, FHA, as part of HUD, 
is more aware than most other mortgage market participants of 
activities being undertaken as part of HUD's Residential Solar 
Heating and Cooling Demonstration Program. 

I9u 
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Since FHA deals on the average with a lower- i ncome /ange of 
home buyers , energy costs have long beenincludedin \housi ng 
expenditures as^part of the agency's underwriting pr^ocedures: 
the more "marginal" the loan applicant, the more imf^ortant 
energy costs appear in assessing his capacity to meet mortgage 
payments. More recently, the 1974 Housing Act added a new re- 
quirement that energy saving te^chniques be promoted "to the 
maximum extent feasible" through the Minimum Property Standards 
for newly constructed housing. But Solar energy Systems are 
distinguishable from conservation measures such as increased 
insulation, on a number of obvious groundST-sach as much higher 
first costs, and the lack of experience with i ndi vidual systems -- 
and the FHA will be taking a far more cautions approach to them 
attheoutset. 

Al^though the FHA is insuring lending^ institutions against their 
possible losses, the purpose of the mortgage iVsurance program 
is to improve the terms and availability of financing for pur- 
chasers. Thus FHA officials perceive themselves to be acting 
on bfehalf of the home buyer, and, in discussing the issues re- 
lated to residential solar energy systerp, emphasized that they 
mu5t put themselves "i^i the ho^neowner' s corner " . The principle 
*of the ^acceptabi 1 i ty of Solar energy systems has been accepted 
statutorily, administratively, and the FHA's position is now 
available with the issuance of the Intermediate Minimum Pro- 
perty Standards for Solar Heating and Dolmestic Hot Water Systems 
(issued by HUD in 1977) . 'I 

Apprai si ng the val ue of ' i ndi vi dual systems presents the same 
problems for FHA as it does for the banks, bint with the added 
emp^hasis on "protecting the buyer" alluded ;to above. General 
ins'truction on appraisal has, been given, but without any spe- 
cific formula mandated . Variation and flexibility are expected 
as the best approach to appraisal as these systems evolve, - 
nevertheless!, a tendency toward relatively conservative esti^ 
mates of value seerts likely to ijrevail. This attitude is al- 
ready reflected in the provisions of FHA notices to their fi^ld 
offices, which state: "The field office must also determine 
that a ready m^irket exists for the property with the increased 
cost of the solar equipment. T-he* cost of this additional equip- 
ment may be recogniz^ed in value in aji amount that can be demon- 
strated byan analysis of the .market. Potential savings in - 
operating cos-ts are also' a consideration in determi n i ng ac- 
.ceptability ^*in the market^...". 

RHA representatives, in a field survey note that the merchandizing 
of home-improvements, has historically b^en "subject to wide a^buse 
They cited fir^e detectfoh • systems , burglar alarms and "water- 
proofing" as examples of.hsijsing features that were often 1n- 
stalle-d at "outrageous costs", ^far in exce'ss of resale value.' 
And the attitude of FHA also . appears to have been strongly af- 
,fected by the severe loss rates ih recent years with its in- 
surance programs which were designed to bring lower-income 
families into the hous ing market by providing for extremely 
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small downpayments and, in some cases, the lowerin.g of credit 
standards. The lesson drawn, from this experience is that, 
problems of fraud aside, the lower the true equity of the home-. 
owner--that is, not simpTy his investment, but the actual dif- 
ference between outs tandi ng debt and value--the higher the 
default and foreclosure rate. FHA officials do not want to do 
a simi 1 ar ."di sservice" to homebuyers or to their own programs 
by appraising solar systems at full cost where the market value 
is or may be less than cost. 

The impact of the FHA po^ i t i on 'wi 1 1 probably be larger than its 
market share suggests, in view of the agency's visibility and 
the widespread use of its Minimum Property Standards by home- 
builders and lenders. ^ 

In respect to retrof i t fi nance , the influence of Title I will, 
in all likelihood, be fairly 1 iwi ted--parti cul arly in those 
regions of the country (the West and Sputheast) where lenders 
find the program's ceiling on i nteres^ rates uncompetitive. 



Secondary Institutions and Solar Energy Financing 

Federal National Mortgage Association; In contrast to FHA, the 
two principal secondary market enti ti es-- the Federal National 
Mortgage Association (FNMA) and. the Federal Home Loan Mortgage 
Corporation {FHLMC)--gi ve primary lenders a fair degree of 
flexibility and . di scretion i n thei r^ eval uati on of credit worth- 
iness, appraisal of value, and overall review of the property's 
a'cceptabi 1 i ty for mortgage purposes. However, this discertion 
.should not be confused with liberality. These secondary en- 
tities perceive their basic public f uncti ons-- i , e. , contributing 
to liquidity in the mortgage' market and stabilizing the flow of 
capital into housing product i on--as necessitating a conservative 
stance toward underwriting the risks associated with unproven 
housing technologies. Nor are they inclined to undertake ;un i - 
lateral initiatives to promote specific social objectives such 
as energy conservation, . 

At the same time, the management of both organizations recog- 
nize that while their i ns ti tuti onf' may be privately 'owned, they 
nonetheless were established and continue to serve as instru- 
ments of Federal housing policy. As 'such, they feel an obli- 
gation to be responsive to Presi denti al and Congressional ap- 
peals for their cooperation in advancing public objectives 
(lower housing costs, energy conservati o?j) that may lie outside 
theirexplicitmandate, / 

So far, neither FNMA or FHLMC has yet made any formal study 
or issued any explicit policy in regard to underwri ti ng sol ar 
heated homes. When* descri bi ng the policies that would most 
likely be imposed, officials conjectured that most, if not all, 
of the incremental solar cost might be excluded from mortgage- 
able value and that high 1 oan- to-va-l ue loans on solar homes 
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would probably b% refused while the technology remains in'the 
experimental , stage. In the absence of external inducement, 
neither organization is 1 i kely ^to, take any strong initiative 
to clarify and publicize the eligibility of solar heated homes 
for purchase or otherwise encourage solar heating. 

In general, the guidelines of both secondary entities caution 
against financing the atypical home that differs conspicuously 
from its neighbors in price and in its basic style and features 
For example, FHLMC's guide to its underwriter states that "... 
properties varying from the norm should be reviewed carefully 
as to marketability, how well they fit into the neighborhood . 
price structure, and their acceptability as to architecture 
and amenities offered. Those that are not typical may have 
market resistance and should be underwirtten on a more conser- 
vative basis as to overall loan terms." 

The policies of FNMA, which purchases up to $7 billion of mort- 
gages annually, may prove s i gn i fi can t- -part i cul arly in those 
regions of the country where mortgage *companies are most active 

In the absence of explicit communi cat i on f rom FNMA and FHLMC 
regarding residential solar energy technologies, at least some 
of their approved sellers may refrain from writing any loans 
on solar tieated homes, particularly if the borrower is seeking 
a relatively high 1 oha- to-val ue ratio mortgage and financing 
for the yncremental solar first cost. This observation applies 
most dirfectly to mortgage compani es , who compose most of FNMA's 
seller population. The profitability of such companies depends 
in large part on packaging loans for sale on a voUime basis; 
consequently their lending criteria are largely dictated by 
the requirements of FNMA and the other purchasers for their 
mortgages. 

By contrast* FHLMC functions as an in-house secondary market 
almost exclusively for the savings and loan industry: While 
the lending policies of the savings and lx)an associations have 
become increasingly oriented towards ease of saleability in 
the secondary market, most savings banks still retain most of 
the loans they originate. Thus their receptivity to mortgage 
requests for solar heated^omes should be relatively unaffected 
by FHLMC attitutes, at least until they begin to receive such 
requests i n ^ subs tanti al numbers. 

Neither FHLMC nor FNMA ' s. credi t standards includes utility 
costs in the basic calculation or monthly housing expense for 
single family homes. However, a 1 Towance f or uti li ty costs is 
made under some circumstance and information on such costs is 
i^outinely collected on the standarized application forms now 
in use. For example, FHLMC procedures define a housing ex- 
pense ratio (Principal, interest, taxes, insurance) of about 
25 percent of stable monthly income as acceptably. Over the 
past few years, as energy costs Itave risen, FHLMC in its own 
underwriting has been giving more attention to heating expense, 
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especially in marginal cases where the borrower's total indebt- 
edness approaches or exceeds the formal ratios. On the other 
hand, it is. unlikely that a lender concerned with FHLMC eligi- 
bility would relax the 25^percent guideline on his own init- 
iative to allow for ^the prospective energy savings a borrower 
might realize from a1i investment in a solar system. However, 
officials at both FNMA and FHLMC indicated that they would 
consider making adjustments for estimated savings on a case 
by case basis. 



Private Mortgage Insurance Companies : Pri vat'e mortgage i nsurange 
companies rPMI s ) offer the lender different risk-sharing arrange- 
ments in terms of the extent of exposure, absorbing various pro- 
portions of the "top-part" of the risk. Premiums are scaled to 
the percent of PMI coverage and the "total 1 can-to- val ue ratio 
(which reflects the amount of risk covered by the home buyer's 
equity position). Unlike FHA, PMI's rely directly on the under- 
writing of property and borrower done by the lender and only 
spot-check i ndi vi dual s i tuati ons with their own appraisers. 
PMI's look to builders and developers as a means to develop 
business with banks, and will review and "pre-approve" a large 
development, such as a condomi ni um or pi anned unit development, 
iji advance. 

Given the' nature of PMI operations, they are unlikely to es- 
tablish any special programs for handling solar energy equipped 
homes, and are even less likely to be an obstacle in their de- 
velopment. They may even play a positive if perhaps uninten- 
tional role in accelerating their acceptance. 

First , PMI's are in the business of insuring higher risk loans 
and appear likejy to accept solar homes as a matter of course. 
Moreover, the likely number of such homes involved and the 
uncertainties associated with them, when measured against the 
total volume of PMI operations, are not viewed as substantial 
enough to warrant any major independent technical review by 
the PMI's themsel ves . 

Second , as one lender put it, appraisal is "not a mechanical 
process", and the awareness of the option of sharing the risk 
with a PMI may at least offset any initial tendency to place 
a "conservatively low" value on solar energy .systems and houses 
usi ng them. 

Thi rd , it is possible that PMI's may even welcome the advent of 
solar homes as an opportuni ty f or market expansion; banks with 
little or not experience with private mortgage insurance may 
turn to PMI's in such cases, and they in turn will insure loans 
as part of their own market growth programs . . 

Thus, thoiigh PMI's have no plans at present for any "outreach" 
program to solicit loans on solar homes, it appears that if 
they have any impact on the availability of financing, it will 
be a positive one. 
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Is F ina ncing A Problem? 

Financing As A Constraint: The discussions of leriflers and solar 
energy financing to this point have been addressing the frequent- 
ly voiced belief that financial i ns t i tuti ons tend to react con- 
servatively to new technologies and may prove to be a constraint 
on the market acceptance of residential solar energy systems. 
While the discussions give partial , support to this view, they 
raise a number of qualifications that may be of equal importance 
to tht)se engaged in advancing solar energy use. 

The major points can be restated simply as follows: In many, 
if not most cases, lenders willmake loans available for solar 
equipped homes, where the borrower and property satisfy rountine 
underwriting standards. But, so long as the technol ogy remains 
in the experimental stage; tfiey will often be willing to make 
such loans only if their risk' is reduced by limiting the loan 
amount to a smaller than normal portion of total costs. This 
represents the likely policy not only of private lending in- 
stitutions, but also the FHA and the quasi-public secondary 
market entities, FNMA and FHLMC. 

r 

Does this limited availability of financing impose a constraint 
oh the size of the residential solar energy system market or 
on the rate at which sales to that market will grow? It cer- 
tainly does if compared to a hypothesized set of circumstances 
in which the average borrower would be able to get "full" fi- 
nancing of these costs--an average loan-to-value ratio, and a 
full inclusion of solar energy system costs in appraisals. 
And it is generally recognized that the size of the market for 
housing at any given cost bears an inverse relationship to the 
amount of downpayment required. Thus the terms under which 
financing is now available for new s i n^il e-f ami ly housing is 
likely to be a constraint, limiting the market to that smaller 
proportion of home buyers able to put up a larger portion of 
the atlditional first costs involved. 

The following table shows the quantitative implications of this 
constraint for the prospective purchaser of a new home with an 
$8000 solar system. 



% OF SOLAR 
COST IN 
APPRAISED 
VALUE 



100% 
75% 

Net Addition To 50% 
Downpayment For 25% 
Solar Use 0%, 



LOAN/VALUE RATIO 

" " ' FHA 

CONVENTIONAL LOAN INSURED LOAN 

70% eO% 97% 



$2400 $1600 $ 560 

3800 3200 2420 

5200 4800 4280 

6600 6400 ^6140 

8000 8000 8000 



Impact of Below Cost Appraisal and Lower Loan-to-value Ratios on Downpayment 
for New Home With Ah $800O Solar Energy System 
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In respect to neW rental housing, lenders recognize that im- 
posing higher equity requirments for solar equipped projects • 
will in many cases be tantamount to declaring that one has no 
real interest in proceeding with the project. In the after- 
math of the real estate market collapse of 1973-75, financial 
institutions have already moved to require a larger investment 
from the developers with whom they work. Even ttie strongest 
developers generally have a limited ability to raise this ad- 
ditional front-end capital from their personal resources. 



Lender Attitudes OiySolar Cost ?:^ The problem of below-normal 
loan amounts 1 argel v^ref 1 ects the lenders' central and legit- 
imate co^ncern with xne collateral value of solar homes, given 
the current solar state-of -the- art --and not some "defect" in 
the mortgage marke/c>[sOr an unreasoning resistance to new tech- 
nologies.. In all /l/ik^lihood the first costs of most solar 
installations tod.d^m^^^/^ in fact, greater than their contri- 
bution to a home ' sDresal e value, and substantial performance 
risks will remainj/T^^r at least a few years more. 

If this view is ab^^cGpted, it is still apropriate to consider 
public programs tha^t affect the terms and availability of fi- 
nance. But such programs would then be designed with the 
broader problems of solar economics and national energy policy 
in mind, and not in order to overcome an imperfection in the 
mortgage market. 



Builders, Developers, And Solar Energy Financing : The ques- 
tions considered above are only part of the many problems con- 
fronting solar users and solar proponents as they strive to 
make this energy source a practical alternative today. In 
terms of the specific issues related to the financing of so- 
lar housing, however, it is important to note that lenders 
believe that the impetus for change will come from builders 
and developers, if it comes at all. They already view them 
as the lead actors in the advent of energy cons^erving initia- 
tives generally, and have reason to believe that this will be 
the case in solar as well. 

If builders find that energy conservation in design is in their 
own i nterest , 1 enders expect that "they will sell it to home 
buyers" (and to Tenders, too). On the balance, lenders seem 
to feel that developers, whose success depends to a large de- 
gree on their constantly seeking a marketing edge over their 
competitors, have a stronger incentive than financial insti- . 
tutions to keep abreast of new housing technologies. Lenders 
presume that any experienced homebuilder will have thoroughly 
investigated solar systems from a technical viewpoint and con- 
,vinced himself of their marketability, before ever having de- 
cided to build solar heated homes or approach a bank for fi- 
nancing. Vihen commercial interest does ma teri al i ze , the lender 
would expect the developer to make a complete presentation of 
his grounds for believing solar sys.tems are feasible, and to 
supply much of the technical data needed to make a property 
Q appraisal and arrive at a final lending decision. 

ERIC 196 
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The builders and developers of single-family housing may thus 
be the wedge that opens the mortgage market for the wider de- 
velopment of solar homes. But solar manufacturers and designers 
wvll have to convince builders of the- rel i abi 1 i ty and saleability 
of their systems, and show them how solar homes will be better 
for them--as housing entrepreneurs, not as public minded energy 
conservationists. 

GOVERNMENT INCENTIVES 

Most of the preceeding has been devoted to factors influencing 
the development of solar bui Iding systems, t^y the private entre- 
preneur to satisfy individual consumer demands. There are po- 
tential benefits associ ated .wi th solar energy, however, which 
may be of marginal importance to the individual, but of trans- 
cendent importance to the nation as a whole. These benefits 
relate primarily to energy conservation and pollution abate- 
ment. If there are elements of the free-market climate which 
mitigate aga i ns t- act i ve promotion of sOlc^r systems for build- 
ings, incentives to devel opmen t may be necessary for the fur- 
therance of national objectives. 



Government Pol i cy : One of the attractive features of onsite 
sol ar , equi pment is that it may be the only new ejiergy source 
that can be developed, financed, and installed without Federal 
assistance of any kind; it is simply an extension of the ex- 
isting construction industries. Federal energy policy will, 
however, affect the rate at which onsite sol„ar energy enters 
the market, regardless of whether an attempt is made to de- 
velop a specific policy for solar energy. Federal policies 
have made the market in wJiich solar technologies compete an 
artificial one. Energy prices are influenced by a bewildering 
array of regulations, subsidies,' and controls, which, ^in several 
instances, have had the inadvertent effect of reducing the 
attractiveness of solar equipment. Examples include the policy 
of maintaining residential energy rates at artificially low 
levels, decisions to support large types of energy equipment 
with preferential tax credits, and disproportionate amounts 
of research funding given to larger energy equipment. 

There is little doubt that without Federal assistance, solar 
markets will grow relatively slowly. Legislation can greatly 
accelerate the rate\ at which this market grows. Many policies, 
are in various stages of planning/and implementation, and four 
categories are related to financial issues: subsidies, tax 
credits, low-interest loans, and mandatory issues. However, 
before cons i deri ng these areas in more detail, the high in- 
vestment cost of solar needs to be addressed. 



Capital Market Deficiencies : Solar energy systems often re- 
quire a much higher initial investment than the alternatives^ 
A problem arises because individuals are unable to borrow 
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against future savings. For e;(ample, a solar energy system 
usually has a higher initial cost than the alternatives, but - ^ 
will result in significant cost savings over its lifetime. 
If the system and its alternatives were evaluated on the basis 
of .lifetime costs and savings, the more expensive system would 
be chosen. However, potential investors must^come up with the 
initial capital payment. If the investor does not have the 
entire amount available, the balance must be obtained from 
lending institutions. Lending institutions make decisions 
based on^ current financial information, such as the amount 
of collateral and outstanding debt of the potenti al . i nvestor . 
Future amounts* such as ant i ci pat ed pay raises or the savings 
provided by an energy system, are not considered. Thus,- an 
investment that might provide significant returns or savings 
during its lifetime may not be undertaken because of a rel- 
atively high capital cost. 

This problem is ,not unique to the solar energy industry. Young 
people attempting to obtain education or purchase housing cannot 
use their future increases in income as collateral. If indi- 
viduals were able to borrow against the future increases in 
income attending school would provide them, they might choose 
to attend a more expensive college than would otherwise be the 
case. However, since loans are based upon current financial 
status, these individuals are constrai ned^ to uti 1 i ze a less 
expens i ve route . 

Options that might be used to resolve capital market defic- 
iencies would offset differences ir\, initial costs. Such so- 
lutions include subsidies, tax credits, and low-interest l^oans. 
However, these solutions tend to transfer the gains and losses 
associated with solar energy usage. By receiving a subsidy, 
investors are given a further incentive to undertake invest- 
ments:' that are profitable to them. Thus, the individuals 
who obtain this subsidy gain in two ways--from the subsidy 
itself, and from the addi ti onal benefits the more efficient 
investment gives them--while the provider of the subsidy, who 
is often a different individual, foots the bill. 

Another possibility is to provide a special -pool of loans for 
solar energy systems. If an inability to barrow against future 
savings ts inhibiting solar energy system adoption, the avial- 
ability of such a loan pool would resolve the problem. The 
potential investor, should still be willing to undertake solar 
investments if the perceived savings are expected to be large 
enough. Furthermore, if these loans were made available at 
the same interest and payback criteria as other loans, those 
who provided the loans ^would not be subsidizing the potential 
investors. 



Subsidie s 

What A re Subsi di es ? : A subsidy, by economic definition, means 

government action which provides income given to a person or 
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grouff to support and encourage acti vi ti es that are deemed 
beneficial to the public. Subsidies vary all the way from 
those given to the poor, such as rent subsidies, to those 
given to farmers and to landowners who are frequently quite 
wealthy. 



Econom i c Impa^cts : What are "the economic impacts of government 
subsidities for solar energy? / Fi nanci al incentives do little 
to reduce economic uncertainty; measures such as guaranteed 
loans merely shift risks from buyers to th-e underwriters. 
Subsidies encourage i nnovat i on ,to the extent that consumers 
are willing to buy newer systems that are not cheaper. If the 
price of nonrenewable energy sources is artificially low (be- 
cause of regulated prices, environmental impacts th^at are not 
considered, etc.)» subsidies to solar energy will promote ef- 
ficiency in choices among energy alternatives. 

The main strength of subsidies is that they of f set. capi tal 
market problems caused by the high initial cost of solar energy 
systems relative to the alternatives, loans'are difficult 

to obtain for projects that promise significant net return's, 
high initial costs distort choices among alternatives^. Sub- 
sidies can offset these distortions. 

The equity aspects of solar energy subsidies are not clear. 
If solar energy users tend to be relatively high income indi- 
viduals, and relatively low income groups tend to use conven- 
tional fuels, solar subsidies wi 1 T ^ a i d relatively high i ncome 
groups. Furthermore, if the subsidy takes the form of a tax 
credit, such an incentive is only effective when the purchaser 
has tax liabilities greater than the credit. Thus, the im- 
pact may not be the desired one, since hi gher- i ncome groups 
tend to have larger tax liabilities. 

One of the main difficulties with subsidies is that they en- 
courage the activity that is subsidized. While it may be 
true that solar energy subsidies merely offset the financial 
advantages enjoyed by other fuels, ^uch subsidies also tend 
to make energy utilizing activities more attarctive. Thus, 
subsidies tend to promote a larger amount of energy usage than 
would otherwise be efficient. Finally, subsidies are not in- 
expensive. While some financial incentives (such as grants) 
require direct outlays of money', and others have more subtle 
and indirect consequences (tax credits and low^interest loans), 
all these incentives use resources. that might have been de- 
voted to other activities. 



Gover n ment Subsidy Policies : Leg i slat ion at the local, state, 
and federal levels is in effect or being planned for a variety 
of government subsidy activities in connection with commercial 
ization of solar energy. The following types of policies can 
be effective; 
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^. Direct incentives to potential customers (chiefly tax 

incentives, loan subsidies, and Allowances for accelerated 
depreciation). 

2. Assistance to manufacturers (including incentives for pur- 
chase of manufacturing equipment, research and devel opmen t 
grants, and federal purchases ) and assi st^ance for testing 

i a bora tori es certi fy i ng the performance of onsi te equi pmen t . 

3. Support of basic research and development programs in fields 
related to onsite solar energy. 

4. Encouragement of the use of solar energy in other countries 
through foreign assistance grants, joint research programs 
and other techniques. 

5. Programs to support education and training in fields re- 
lated to solar energy. 

However, tax credits and low-interest loans are .the two prin- 
cipal forms of government subsidy that affect the ^public at 
1 arge . , < 



Tax Credits 

Tax Laws : Two tax mechanisms have the greates t impact on a. 
homeowner who is planning to install solar heating. First, he 
must pay sales taxes, or "use" taxes, on the materials used in 
the solar components, and then pay increased property taxes on 
the added value of his solar installation. In addition, tax 
laws can affect 1 ocal bus i nesses in several less obvious ways, 
such as by increasing their income tax liability because , of 
the lower operati ng expense associated with their heating needs. 

Opinion seems unanimous that solar equipment will add to a 
structure's assessed value. But to include this addition in 
assessments made to determine the amount of tax to be levied 
on a property may be unfair. Many states have passed, or are 
condidering, legislation that addresses this problem. Enacted 
laws typically say that solar equipment shall not cause an in- 
crease in the valuation of a building. 

There may be general legal problems with exempting solar equip- 
ment from property tax assessments, since the majority of states 
havewhat are known as "uniformity clauses" jn their consti- 
tutions and/or in their tajc laws. Uniformity clauses say that 
all "similarly situated" property or the "same class of sub- 
jects" must be taxed at the same rates. The language and the 
interpretation of such clauses vary widely from state to state, 
jnakiiig it very difficult to predict the success of an effort 
to exempt solar heating and cooling equipment. <^ j^me states, 
constitutional changes may be needed. 
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Furthermore, legislation is usually vague on how backup heati rig 
systems should be assessed. In most climates, building and 
health codes require structures with residential occupancy to 
be equipped with heaters capable of warming habitable rooms to 
specified temperatures. Requirements vary greatly, but as 
massive solar storage systems capable of outlasting weeks of 
cloudy weather are not cost-effective, most solar homes will 
require backup systems. 

One popular type of state legislation says solar homes shall 
be assessed as if equipped with a conventi onal system or "at 
no more than" the value of a conventional system. Such laws 
could be interpreted as requiring, a "double a^ssessment" , i.e., 
the value of the backup system plus the adjusted value of the 
solar system. ^ * 

A s i m i 1 a r precision should be sought in statutory definitions 
of '^solar energy system" and like terms. Not only should the 
exclusion (or inclusion) of legally required backup systems 
be specified, but it should ^be made clear whether passive 
solar systems are also to recei ve preferenti al tax treatment. 

state legislation should also be cognizant of the fact th^ 
some assessments are made on the basis of _a property*s income 
production. , - 



Government Tax Policies : Tax credits, low interest loans, 
accelerated depreciation allowances, and exemption from prop- 
erty tax can be powerful tools in reducing the perceived cost 
of solar energy. A 20% i nves tment tax credit, for example, 
could reduce the effective €ost of solar energy 'in residential 
applications by 15 to 30%. The combination of a 20% investment 
tax credit, 5-year depreciation allowance, and an exemption from 
property tax, could lower the perceived cost of solar .energy 
by 50 to 80%. A program making 3% loans available to homeowners 
would be equivalent to an investment tax credit cif 'about 34%. 
These subsidies would have the effect of i ncreasi ng sal es , 
resulting therefore in a decrease in the cost of individual 
components if they stimulate mass production. Tax credits re- 
duce Federal revenues but the net cost of the credits to the 
Government is difficult to calculate. , ^ 

The Energy'Tax Act of 1978: On November 9, 1978, Congress 
passed the National Energy ActM NEA ) , composed of five sep- ^ 
arate statutes, one of which was The Energy Tax Act (ETA). 
The Energy Tax Act utilizes financial incentives to decrease^ 
the initial capital cost of solar energy systems. Homeowners*^ . 
may take a residential energy tax credit of 30% qn the first 
$2000 they spend for solar energy systems and 20% on the next 
$8000 they spend. Businesses may take an investment tax credit 
of 10% on the cost of qualifying splar energy property (in 
addition to the usual 10% investment tax credit on new facil- 
ities). These tax credits will indeed reduce the cost of solar 
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energy systems. However, subsidies do not guarantee that a 
system becomes viable. While financial assistance may reduce 
the initial capital cost, it cannot guarantee that solar energy 
systems will be cheaper to use than the al terna ti ves . 

V 

Furthermore , credits have equity problems associated with 

them^.. For the tax credit to be effective, homeowners and bus- 
inesses must have tax liabilities that are as Targe as the cre- 
dit. This is because the tax credit is not refundable. If 
homeowners have a larger tax credit than they have tax liabil- 
ities, they cannot receive the difference as a refund from the 
Internal Revenue Service; this amount must be carried forward 
or backward on income tax statements. 

There is also confusion as' to the definition of systems that 
do qualify for the credit. Because of the di f f i cul ty in dis- 
tinguishing between structural and pruely energy conserving 
elements 5f a passive system, passive solar energy systems 
were omitted completely from the tax credit. Thus, any passive 
solar system components such as roofs, windows, walls, skylights, 
and greenhouses are not eligible for the credit,. Since passive 
energy systems represent a major source of conservation poten- 
tial, this exclusion reduces the potential energy savings a 
solar tax credit would allow. However, such passive systems 
often represent the cheapest form of energy savings. Since the 
marginal cost of utilizing passive solar energy systems is low, 
it would be efficient to encourage these systems rather than 
system^ that must include both a structure and energy-saving 
technology. Thus, the proposed rules restrict residential 
energy tax credit effectiveness by limiting applicability to 
those portions of the solar system whose primary purpose is to 
transmit or use solar radiation. 



Doubl e Be n efits? : State and local government fi nanci al ince*n- 
tives for energy conservation and renewable resources have be- 
come quite common and, sometimes, quite generous. But, unless 
an individual is extremely cautious, the tax consequences of 
choosing the wrong combination can be disastrous. 

A little known section of the Windfall Profits Act of 1980 
could significantly affect the future of conservation and 
solar energy. Titled "Provisions to Prevent Double Benefits", 
Section 203 applies to residential users and states that "for 
the purposes of determing the amount of energy conservation or 
renewabl e energy source expenitures made by any. individual with 
respect to any dwelling, there shall not be taken into account 
expenditures that are made from subsi di zed energy fi nanci ng" . 
Section 223 spells out similar restrictions f or commerci al 
enterprises. (Subsidized financing means financing under 
federal, state, or local programs designed to conserve or 
produce energy. Favorable terms on loans from banks and 
uti 1 ities wi 1 1 not affect federal tax eligibility as long as 
there is no government subsidy involved.) 

ERIC 
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Lhe Internal Revenue Service (IRS) is responsible for develop-- 
ing regulations to impl ement thi s provisian, and at the present 
time (late 1980) IRS has not yet released preliminary rules. 
However, IRS personnel lean toward the theory that if any part 
of a loan is subsidized, the entire loan is i nel i gi bl e f or 
federal tax credits. If a utility, for exampl e , provi ded a 
low interest loan for the purchase of solar collectors, the 
principal of the loan as , well as the interest would be con- 
sidered, subsidized energy fi nanci ng and would not qualify 
for the solar tax credit. 

This prohibition 04. doubl e-d i ppi ng will force a solar system 
purchaser to choose between th^ federal tax credit and sub- 
sidized energy loans. 



Economic Impacts : Tax ancj subsidy cons i derati ons^ are a major . 
driving force in market choices among energy alternatives. 
Taxes and tax-reduction measures (such as depVeciation and 
depletion allowances, investment tax credi ts , etc . ) will change 
the cost of utilizing energy resources to i ndus try . Whi 1 e taxes 
may not change the actual opportunity costs of extracting energy 
thfey very definitely change the costs perceived by firms* 



For example. Figure 1 might represent 
feet resulting from the adoption of a 
P,rior to the allowance, the opportuni ty 
costs associated with extracting re- 
sources would be represented by the 
supply curve S, and the equilibrium 
market price would be Pq. This curve 
slopes upward to the right (i.e., price 
P, increasing as supply quantity, Q, 
increases) because additional output 
of the resource can only be obtained by 
utilizing less producti ve deposits of 
the resource or by utilizing inputs 
that may not be as productive in ex- . 
tracting the resource. However, a rule 
that would allow the industry a tax re- 
duction on each unit of the resource it 
produces (as the depletion allowance 
does) would decrease the costs to the 
firm of providing the resource. Al- 
though the actual opportunity costs of 
supplying the resource may be S, the 
costs perceived by industry are S', and 
would reduce to P-| . However, depletion 
amount of the resource utilized, i.e., 
creases from Qq to Q-j. 



th^e supply and demand ef- 
d e p 1 e ti 0 n allowance. 




FIGURE 1 

equilibrium market price 
al 1 owances increase the 
equilibrium quantity, in- 



The opposite conclusion is t^eached when a depletion allowance is 
removed or a resource extraction tax is imposed , as ^ 1 1 ustrated 
in Figure 2. The actual opportuni ty costs of utilizing the re- 
source are represented by S. However, the costs as seen by in- 
dustry are represented by S' . Thus, the amount of resource 
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utilized falls (from Qo to Q]), and some 
of these higher costs are passed on to 
the consumer (Pq to Pi). 



These market distortions are fairly com- 
mon in the energy field. A wide va- 
riety of depletion allow&nce provisions 
has been avai 1 abl e to the fossil fuel 
industry. Other incentives have in- 
cluded foreign tax credits for oil pro- 
duction/ research and development support, 
and liability insurance for the nuclear 
enrgy industry. Such distortions have 
resulted'in the overuse of the subsidized 
products, which have tended to be^fossil 
fuels and uranium. These price dis- 
tortions have also resulted in the di- 




minished usage of alternatives, such as 

conser'va t i on and sol ar energy. FIOURS 2 

. « 

One possible solution to the problems created •by price distor- 
tions is the removal of the taxes and subsi dies that cause 
these distortions. Such a soTsjj^tion is overly s i„mpl 1 s ti c; it 
will not, in the short run , al 1 evijite bas i c ^energy probl ems and 
may create i nequi ti es- i n society. Many billions of dollars of 
investment have been based upon these energj^ pricds, however, 
artificial they may be, so that the' economy could not rapidly 
respond to abrupt pr>ce changes. This could, in turn, result 
in 1 ar^^e changes in wealth among income groups within society. 
Thus ,' al through the absence of market distortions allows con- 
sumers and firms to make energy decisions efficiently, rapid 
changes in exi s ti ng di s torti ons are also costly. 



Low-Jnterest .Loans * ^ 

— • — ^ 

The Solar Energy Bank : By an act of Congress during 1981, a 
Solar Energy and Energy Conservati on Bank was es tabl i shed for 
the purpose of subsidizing solar energy systems. The Solar 
Bank is a corporation within the U.S. Department of Housing 
and Urban Development. Its chief executive will be appointed 
by the president with the 'advice and consent of the Senate. 
It will have two executive vice-presidents, one to administer 
its solar programs and one to administer i ts conservati on pro- 
grams. Five cabinet officers serve as its board of directors: 
the Secretaries of HUD (chair^. Energy, Treasury, Agriculture, 
and Commerce. The board's principal function, is to fix sub- 
sidy 1 evel s , subject to the constraints and within the limits 
imposed by the statute. Funding for the bank's sol ar programs 
was authorized for three years beginning with fiscal year 1981 
at $100 million, $200 million for 1982 and $225 million for 
1983. Annual appropriations, up to these limits, will be 
necesary. 
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Subsidy Provision of the Solar Bank : The Solar Bank is not 
really a bank, but rather a mechanism for delivering a federal 
subsidy payment in connection with a borrowing made to finance' 
the purchase of solar'energy equip«i£jit. The borrower must get 
his or her loan from a private source--a ,bank , savings and loan, 
utility company, or municipal corporation. The Solar Bank sub- 
sidy is then applied to reduce payments on the loan, either by 
lowering the interest rate or writing down the principal amount 
for the note. Solar Bank subsidies can be paid to purchasers 
of new residential buildings or owners of existing ones. They 
can be used to finance active or passive solar energy installa- 
tions on one-to-four family houses. In the future, they will 
be used to finance mul ti -f ami ly , commercial, and agricultural 
sol ar equi pmen t , 

The amount of subsidy payable on a single-family residential 
unit is limited by statute to $5000. However, active and 
passive systems get different treatment in determing the sub- 
sidy level. The subsidy for active systems is calculated as 
a percentage of the system's cost. Passive solar energy 
systems will be subsidized on ^a performance rather than a 
cost basis. Purchasers of solar equipment with incomes of 80% 
median income and under can have 60% of the cost subsidized 
by the Solar Bank, up to a maximum of $5000. Under HUD draft 
regulations, individuals with incomes above 80% of area median 
income would be ineligible for subsidies for active, but not 
passive, solar systems. 



Implementation of the Solar Energy Bank Provisions : The Solar 
Bank will have a three-step procedure for qualifying houses with 
passive solar elements for the subsidy and for determining the 
amount of the subsidy for a qualified house. Step one involves 
a determination by the local financial institution that the 
house is eligible for subsidy. The local lender will check to 
make sure that the house contains a solar collection area, an 
absorber, a storage mass, a heat distribution method, and heat 
control and regulation devices. Step two requires a measure- 
ment of the thermal effectiveness of the p.assive system, based 
on the three factors of south-facing glass area, floor area of 
the house, and level of insulation of the house. Step three 
involves the application of a factor derived from step two to 
a published table, which the Solar Bank will promulgate, that 
will assign different levels of subsidy for each of over 1000 
^geographic areas covering the United States (based on the 
Postal ZIP Codes), keyed to the thermal effectiveness of the 
passive solar system. 



Mandatory Issues . - 

Some proposals f^or expediting use of solar energy would require 
use of the technology in specified circumstances, for example. 
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•s.hould utility financing of home insulation be required by 

all public utility commissions? Less draconian measures have 
also been suggest-ed (and adopted in Florida) to provide that 
buildings are cons tructed. so as to make the later addition of 
solar devices a little easier • 

^ The principal 1 egal quest ii^ns governing the legality of such 
requirements is whether they consiit'Ute a "taking without com- 

• pensation'' in violation of the Fifth Amendment to the U. S. 
Constitution. Although this question is difficult to answer 
with any certainty, there are numerous precedents upholding 
requirements for building design and construction methods. 

^However, the application of these ordinances to specific 
^ buildings may oe held invalid where the property owner can 
demonstrate •that the costs clearly exceed the benefit. Thus,' 
whi^e requirements for provision of solar energy are'^ likely 
to be upheld in general, they may be invalidated in the case 
of specific properties. This is likely to be a much.* greater 
barrier to retrofit requirements than similar demands on new 
buildings, since the latter will genera>ly be affected ecjually. 

The federal government might become involved in mandatory in- 
stallation requirements through the Minimum Property Standards 
of the Department of Housing and Urban Development. No ad- 
ditional legal barriers exist to prevent federal standards. . 
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CODES, LEGALITIES, CONSUMERISM AND ECONOMICS 

LEGALITIES 

GENERAL L EGALITIES 

Solar energy, like any developing technology, must adapt to the 
existing customs and laws of our society, just as society must 
accommodate new technoloqies. Any i ncampa tabi 1 i ty raises legal 
issues that must be resolved before we satisfy our expectations 
for this promising source of energy. Some of these issues ob- 
viously concern nati onal pol i ci es , while the importance of others 
are regional and local in nature. 

In the United States there exists a world of laws, government, 
and politics which often (sometimes unintentionally) resticts 
our ability to use techniques such as solar energy conversion. 
Onsite solar facilities are controlled by laws and regulations 
often written with entirely different energy systems in mind. 
Since, onsite solar equipment will undoubtedly be designed, 
manufactured, financed, installed, and operated by the same 
organizations currently associated with the construction of 
building and industrial facilities, the impact on American 
Society as a whole will probably be minimal. Several areas 
where impacts would probably be greatest, such as building 
codes, financial issues, and utility interfacing, has been 
identified and studied in some detail. 

A technology with as many appl i ca ti ons as solar energy will 
naturally both influence and be influenced by legal concepts. 
During the earlier stages of its development, solar energy will 
be influenced by existing law principally as it relates to 
buildings. Governments may also institute laws for policy 
reasons; for example, favorable provisions of tax laws designed 
to encourage the purchase of solar energy devices in residential 
and commercial buildings. Of immediate concern, however, are 
three issues bearing on commercialization of soTar energy at 
the local level. These issues are concerned with solar access 
and land use, insurance, and competent labor for solar related 
applications. 



SOL AR ACCESS AND LAND USE 

Because faulty or improper land' use may endanger the health and 
and welfare of an entire community, regulation and control over 
subdivisions and real estate developments have been sought and 
strengthened by private groups and ci vi c-mi nded public author- 
itites since colonial days in the United States. Land, because 
of its fixity in location, is pecul i arly subj ect to environmental 
influence that make or break the value of a site. This value 
interdependence of one site or location on another has caused 
individuals directly, and groups collectively, through com- 
munity action t$' establish safeguards and control over current 
land 'uses arid future land use patterns. Although effective 
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land use control is brought about many communities and even 
in large rural areas by mutual consent, by formal agreement 
among large tract owners, or by pressure on, or moral suasion 
of, individual users, principal reliance to assure proper land 
uses and real estate developments is placed today upon direct or 
indirect public (governmental ) controls and upon private, con- 
tractual, and legally enforceable land use regulations. 

The means f or con trol 1 i ng and regulating land use may be grouped 
as follows: 

D irect Public Ownership ' 

Streets and highways (usually) 
Public parks and recreations centers 
Publ i c bui Id ings and civic centers 
Public ( government- owned ) hous i ng 

Public Land U s e Controls 

City, urban, state, and regional planning 
Zoning and subdivision ordinances 
Building codes and housing regulations 
Housing subsidies and mortgage loan facilities 
Taxation and assessments 



Private Land Use Restrictions 

Deedrestrictions 
Lease restrictions 
Contract limitations 

The application of these land use restrictions will be treated 
more fully in subsequent discussions. 



Land Use and the Environment 

While solar energy equipment is not completely free of adverse 
environmental effects, providing energy' from sunlight will have 
a much smaller environmental impact than conventional sources 
providing equi val ent amounts of energy. Solar energy may pro- 
vide an opportunity to expand population and increase indus- 
trial capacity in areas Vhere such growth may be constrained 
by the Clean Air Act. 

Large-scale conversion to the direct combustion of coal will 
make it difficult to maintain current levels of air quality 
unless solar energy, or some other nonpolluting energy source, 
is introduced to reduce the demand for energy from fossil sour- 
ces. The use of solar energy can also reduce the net releases 
of carbon dioxide. The significance of this depends on the 
extent to which greatly Increased carbon dioxide releases 
could adversely affect world cl imates--and this is not well 
understood now. ^ 
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The primany environmental effect of utilizing onsite solar 
energy will be reduction of potential adverse environmental 
effects associated other energy sources. The negative envi- 
ronmental effects of solar energy devices stem primarily from 
two sources: ^ 

1. Land-use requirements, which could compete with other, 
more attractive uses of land near populated areas. 

2. Emissions associated with the raining and manufacture of 
the materials used to manufacture solar equipment (e.g., 
manufactured steely glass, aluminum, etc.). 

Analysis shows, however, that the reduction in emissions at- 
tributable to operating a solar facility instead of a conven- 
tional one can equal the extra emissions associated with the 
manufacture of the solar device in 3 to 9 months. 

Land for solar power generation will become of increasing con- 
cern and value since large acreage relatively close to urban 
or industrial deyel opmen ts will be required. Of course, there 
are all sizes of solar installations that will.be built, and 
small capacity ones do not have the same requirements as 
large ones. For that reason, the criteria for land assess- 
ment are dependent on the most likely solar use. 

The geographical location of the land is the second most im- 
portant consideration to make for cons tructi on of a large- 
size solar installation. (The first consideration is, "is it 
possible that the deployment of capital to Such an installation 
can be justified .by financial returns?") If the economics are 
favorable, then one mus t determi ne if a suitable location exists 
and if it can be purchased. The most important criteria in 
selecting favorable land geography are summarized below: 

A. Land should be sufficiently remote to assure that instal- 
lations will not be a nuisance or danger to: 

1. Neighbors or involuntary viewers. 

2. Persons at recreational areas 

3. Motorists on highways or roads 

4. Boatsorships 

5. Aviation 

B. Land should not be in the earthquake belt or near seismic 
f aul ts . 

C. Land should be flat or sloping toi the true south . 

D. Land must be incapable of being shaded by land to the west, 
south, and east for a minimum of eight midsolar hours each 
day. 

E. Land must be free of meaningful growth or else be capable 
legally and physically of,^eing cleared. 
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F. Land used for this purpose should be free of extraordinary 
cri ti cal revi ew., 

G. Easements, leases* rights of any kind must not interfere 
with deployment of collectors, et al. 

H. Security must be attainable to preyent sabotage to equip- 
ment and injury to persons. 

I. Suf f i ci ent" 1 and ; allowing at least 7 acres per megawatt. 

J. Sufficient land must be available should expansion be 
necessary. 

K. Land should not be closer than 10-20 miles of present or 
planned substantial metropolitan development. 

L. Location should be within 30 miles of extensive machine 
shop and equipment supply businesses. 

M. There should be sufficient skilled cons tructi on >hel p within 
30 miles of the site, and 1 i v i ng ,accomodat i ons within 30 
miles. 

N. Depending on the type of collector and absorber used, a 
one mile "no man*s land" may be required on one or more 
sides of the installation for safety . 

A solar plant of any size likely will have reflectors or mirrors 
of some sort as well as an absorber. Mirrors, when being moved, 
will cast the solar rays mile^s away. The reflections can be a 
danger and at l^ast a nuisance to people and animals. There is 
a possibility and almost a certainty of serious and^lethal 
radiation damage if a number of mirroifs were inadvertently 
focused on a person, gathering, building or objects of any 
kind. The energy of the sun can be directed miles away without 
diminishing its intensity. Most authorities agree concentrated 
radiant energy is far more dangerous than high volt3||e electri- 
city. Particular care should be exercised in making- sure that 
federal airways and airport approach areaS are free Trom the 
possibility of accidental, man-di rected sol ar radi.ation. 

To give some meaningful realization of size to the solar re- 
quirements for land, the average steam plant in the United 
States is about 350 Mw and the largest steam plant about 2500 
"^w. Most giant solar plants will probably be from 150 to 300 
Mw which means they will occupy from 1000 to 2000 acres of land. 
However, smaller communities needing 3 to 5 Mw will Require only 
50 acres or so of land. A 5 Mw plant is about right for 1000 
to 1500 people. 

The land-use impact of onsite solar equipment can be less serious 
than the problems associated with isolated solar equi pme n t , s i nee 
in most cases the onsite equipment can be integrated into build- 
ings or local landscapes and extensive transmi ssi on f aci 1 i ti es 
are not required. If additional surface area is required, how- 
ever, lack of suitable land close to populated areas could place 
major cons trai nts on the use of onsite solar equipment. 
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Sunri ghts , 

Guaranteed access to sunlight is currently an important aspect 
of solar energy market economics due to its potential impact on 
sales and use of solar collection equipment. The legal ra^mifi- 
cations of solar rights have only recently begun to be reviewed 
by the courts, but have already been the subjects of symposia, 
workshops, and articles in numerous journals-^ The courts will 
not have long to wait, since lawsuits are threatened against a 
proposed San Diego, California, ordinance which would require 
the installation of solar water heaters in new homes (according 
to Solar Energy Intelligence Report , June 11, 1979). 

The rights which one landowner may h^ive in the land of another 
includes one which pertainsto light, air and view. The doc- 
trine of ancient lights gave the owger of land, by an unin- 
terrupted enjoyment, for twenty yeaVs , a cause of action against 
an adjoining landowner who erected any structure which inter- 
fered with his lig>it and air. This doctrine has been almost 
unanimously repudiated in the United States. As a general 
rule, therefore, the owner of land has no legal right to the 
light., air, and view from the adjoining land. It can only be 
acquired by an express grant. A few states have enacted sta-. 
tutes to the effect that a landowner shall not erect any struc- 
ture on his land, although otherwise lawful, if he does it 
maliciously and with the intent to injure hi s nei ghbor . In 
the absence of statute or an express grant, however, a land- 
owner is not liable to his adjoi ni ng 1 andowner for themain- 
ter>ance or erection of structures on his own land even though 
they result in cutting off the light and air coming laterally 
from the land on which they are erected. 

The legal status of solar access, or a property owner's right 
to receive unimpeded sunlight from all palrts of the sky, is 
becoming a point of some interest to designers, manufacturers 
and buyers of sol ar col 1 ecti on equipment. If the solar in- 
dustry is to penetrate a cautious market, solar access needs 
rei nf ormcement of a kind that will instill confidence in buyers 
minds. Assurance is needed that their active collection equip- 
ment or passive architectural design features will not be re- 
duced in value by construction or tree planting that occludes 
the sun. Banks and lending institutions, including the govern- 
ment, will be wary of financing sol ar col 1 ector plants that 
might be shaded before their useful lifetimes have expired. 
And it may also be considered within the national interest to 
ensure that investments in fossil-fuel saving apparatus and 
design techniques are encouraged and protected. 

The power of Cong>ess to exert federal control over the ques- 
tion of solar access may be construed from past activity under 
the Commerce Clause of the Constitution. Under this broadly 
interpreted clause. Congress is empowered to regulate inter- 
state commerce and any activities whi ch si gnif i cantly affect 
that commerce. Because the sale and use of solar collection 
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equipment is projected to have an impact on the interstate 
sale of electVical energy and compete with all forms of fossil 
fuel currently traded between states, solar access appears to 
be an issue for consideration by Congress. However, given 
the activity of state legislatures in this area, some of which 
have already moved to institute solar rights, the necessity 
and wisdom of federal action has been questioned, and it seems 
unlikely that Congress will need to act at all. Already, the 
passage of the Solar Energy Research, Development and Demon- 
stration Act and the Solar Heating and Cooling Demonstration 
Act in 1974, and the more recent passage of The Energy Act 
of 1978, constitute a major statement of intent on the part 
of the federal government to protect and encourage solar energy 
usage. 

Various methods have been proposed for the creation and im- 
plementation of rights to solar access. In order for legis- 
lative action to ef f ecti vely gui de judicial enforcement of 
solar rtg^hts, many ambiguities that now compl i ca te the concept 
must be removed. For instance: 

1. Should a property owner be entitled to full sunlight over 
the entire arjpa of his lot, or should he be guaranteed 
only the light falling on the walls of his house, the 

roof alone, or only portions of the roof bearing collection 
equipment? 

2. Is it necessary that solar access be guaranteed from sunrise 
to. sunset, or can shading be allowed at certain times of the 
day over limited parts of a home or collector? 

3. Should rules of solar access vary over the seasons as the 
solar azimuth and elevation vary? ^ 

These questions are important if passive architectural features 
are to be protected as well as active roof top or detached systems 
Differences in collector design suggest the need for different 
regulations. A f i xed f 1 at-pl ate or trough collector has a fixed 
"window" through which it recei ves sunl i gh t , while a tracking 
collector has a constantly moving one. Fractional shading of a 
large flat plate assembly may not affect overall performance 
greatly, while partial shading of a narrowly focused parabolic 
concentrator may greatly reduce i ts ef f 1 ci ency . The law will 
have to take notice of these variables. 

A considerable amount of protection can be provided, however, 
wi th imagi nati ve use of existing laws, zoning ordinances, and 
covenants. 

Easements 

An easement is the right to use the land of another for certain 
purposes. Some examples are party driveways, party walks, the 
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right-of-way for ingress and egress over another's land, the 
right to maintain windows for light and air, and the right of 
drainage across another's property. Easements are of two kinds: 
the easement appurtenant and the easement in gross. 

An easement appurtenant is a right acquired by the owner of one. 
parcel of land to use the adjacent land of another for a special 
purpose. This type of easement always requires two parcels of 
land owned by di fferent persons . The property benefited by the 
easement is known as the dominant estate , the property that is 
subject to the easement i s known as t\\e servi ent estate ■ An 
easement appurtenant runs with the land and the benefits pass 
to subsequent grantees of the dominant estate, whether mentioned 
in the deed or not. 

An easement i n gross is the right t'o use the land of another 
without the existence or necessity of an adjacent or dominant 
estate. An easement in gross is a personal right and does not 
run with the land. Illustrations are easements to place bill- 
boards , si gns , or right-of-way for private or public utility 
installations. The owner of an easement in gross need not, and 
as a rule does not, own adjacent property. 

An easement may be af f i rmati ve or negative . An easement which 
gives the dominant tenement a right of way across the land of 
the servient tenement is a good illustration of affirmative 
easement. An easement which gives the dominant tenement the 
right to prevent the servient tenement from erecting a structure 
which would cut off light, air, or view of the dominant tenement . 
is a good illustration of a negative easement. 

The term solar easement is general ly concei ved as a specific 
type of negative easement, or one where the owner of the ser- 
vient estate is prohibited from doing something otherwise law- 
ful upon his estate, because it will affect the dominant estate 
(as interrupting the light and air from the latter by building 
on the former). A solar easement obligates the owner of the 
servient estate not to obstruct the sunlight passing over his 
land to the dominant (solar user's) estate. 

Assuring the protection of sunrights in neighborhoods can be a 
difficult problem. Many existing buildings in older commercial 
areas probably could not be adapted to use solar energy unless 
basically rebuilt, which means the demand for solar access in 
these areas may be small. Clearly, it would be desirable to 
consi der . sol ar access when an entire area is to be redeveloped, 
or even when individual permits for remodeling are issued. 

Probably the strongest available techniques for protecting 
sunrights in existing developments is the purchase of solar 
easements. It may be possible (for a price) for a prospective 
solar owner to purchase an easement that will require his 
southern neighbor to cut trees to provide access to sunlight. . 
Such easements for light might be feasible in rural or resi- 
dential neighborhoods, but they certainly are not in urban 
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areas because the cost of the easement would nearly equal, the 
value of the entire property. ^ * 

Easements are created as follows: 

1. Express grant : A formal and written agreement^is drawn 
between the parties or owners of land; this agreement is 
generally recorded. 

2. Implication or ^ necessi ty : Courts will support implied 
reservations or easements where the intent is clear or 
where the^easement is strictly necessary to provide access 
to dominant land, to support adjoining buildings, partition 
walls, or for party driveways. i 

3. Prescri ption : This right or easement is acquired by open, 
exclusive, and continued use over a period of time, varying 
from ten to twenty years, depending on applicable statutory 
or common state law. Prescriptive rights cannot be acquired 
against property of the federal or state governments or 
against owners who are under any kind of legal disability, 
such as infants or insane persons. 

Where the authority does not already exist for establishing 
solar easements, state legislation can standarize procedure and 
notify the public of the mechanism's existence. 

Express Easements 

Express easements provide a private legal device to -protect 
access to siinlight in both new and existing developments. A 
property owner , concerned about shading, could bargain with a 
neighbor for an unimpeded pa|:h of sunlight over the neighbor's 
1 and . Easements j 'whi ch may also be leased, are binding on 
subsequent owners of both parcels in many states, but in others 
new legistation may be neqessary to assure continuity of access 
to sunlight. Something oi^ value is traditionally given in ex- 
change for land (although some courts don't require it), and 
the agreement must be in writing to be enforceable. 

The use of express easements to ensure solar access avoids the 
expense of publ i c acquis i ti on , places the responsibility of 
action only on interested individuals, and makes a more per- 
manent insurance than zoing laws, which are susceptible to 
amendment. The major advantage of the express easement is 
that highly motivated individuals can usually obtain one through 
their own efforts without governmen^l^al acti on . Furthermore, 
express easements are si te-speci f i c'^^'and adaptabl e to individual 
preferences and bargaining. In addition, the express easement 
would provide security in many established neighborhoods as 
well as in new ones. Even if solar zoning laws are passed, 
property owners may want to negotiate express easements because 
(1) they want more protection that is afforded by the zoning law, 
or (2) they jvant a guarantee of permanence not found in easily 
changed zoning laws. 
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There are limits to the usefulness of express easements:* 

1. They are voluntary, courts cannot forde their creation. 

2. They may be prohibitively expensive. 

3. They place the cost of solar access on the solar energy 
user, who, already has the burden of large capital invest- 
ment to confront. \ 

4. The expense of enforcing the new easements in court is un- 
certain; their enforcement may involve long, costly court 
proceedi ngs . « _ > 

5. They may give an unjustified windfall to an owner or 
"burdened" property who never had any intention 'of using 
the property i.n a manner that would block sunlight. 

6. Because express easements can be considered prop^ty, they 
can be leased as well as taxed. 

Public policy may suggest that the cost should be shared or ' 
that the builders of the interfering structures should pay 
solar equipment owners for their "resource" (solar energy) 
rights. Ancillary legislation may be required to control 
leasing rates and hopefully to eliminate taxes altogether. 

If a State views easements for light and air. as benefiting a 
person * (i . e . , "in gross") rather than a parcel of land, the 
State may not enforce the agreements against subsequent owners, 
although a subsequent owner probably could. To attain enforce- 
enti a State can enact a short, simple statute stating that 
such easements must include the vertical and hori zontal angles 
over adjoining property; terms and condition of the grant; 
and any compensation to be paid to any party involved. The . 
legislation should also assure the recording of express solar 
easements along with other land records. Some states have 
already enacted such legislation, and others are consi deri ng 
nearly i dent ical bi 1 1 s. 



Impl i ed Easements . 

An implied easement is one 'thought to be neces^ry for" the 
reasonable use of a property, such as the use of a pathway 
for access to and from a building. It differs from an ex- 
press easement in that is need not be written but is assumed 
from the circumstances. An example of such an easement of r 
relevance to the subject of solar access is the right recog- 
nized in all the states of a property abutting a public street 
to light, air, and view from that street. Litigation over the 
loss of these rights arose firs t in urban areas when level and 
overground railroads were constructed, resul ti ng in the shading 
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of street front property. Both lower courts and the Supreme 
Court have upheld suits against. the taking of these rights and 
haVe found such takings to be compensable. 

There are three dominant characteristics of the implied easement: 

1. The easement is considered a property right, or prope/ty 
in itself. 

2. The monetary value of the easement can be determined. 

3. The easement can be sold and conveyed in cases on condem- 
nation under the power of eminent domain. (Eminent domain 

•is the right of a government, or quasi -governmental agency, 
to take private property for public uses or purposes upon 
payment of reasonable or just compensation and without the 
consent of the owner.) 

One suggested method for instituting solar rights is the legis- 
la^tive creation of universal easements to solar energy similar 
to' those now existing for street front properties. This en- 
actment would be followed by public acquisition, through eminent 
domain, of these easements, making the protection of s.olar ac- 
cess defensible in the method already established for "light, 
air, and view". Its outstanding advantages are that it would 
provide immediate and uniform protection and could be incor- 
porated into existing land-use control agencies. The primary" 
disadvantages of the public acquisition proposal are its ad- ^ ♦ 
mi ni s tr'arfye complexity ando'ts large cost to the public. 



Prescriptive Rights ^ 

An activity that has been exercised from time immemorial (or 
for some period stated in law) can become established in law 
and is called a prescriptive right . The "<loctrine of ancient 
lights'^ resurrected in most discussions of solar access, is 
a provision of English common law which states that if light", 
air, and view have been enjoyed from a window for more than 
twenty years, the right to those ameni ti es becomes "a&solute^, 
and indefeasible", a right by prescription. Problems with 
interpretation of the doctrine and its treatment in American 
courts have led most commentators, to the conclusion that a 
grant of solar rights based purely on pres cri p ti on would neveV- 
pass judicial muster in this coun y. 

The case of Parker versus Foote in 1838 is generally cited as 
the reason^for the doctrine's abandonmeni in American juris- 
prudence. In that New York case, a suit was brought in ob- 
jection to the obstructi on,.of light falling on one property 
by the construction of a building on anot.her. In a decisidn 
that was as much ^a statement of public policy as law, the' 
court found the doctrine- inapplicable to contemporary economic 
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canditions and stated that upholding it would unfairly sti.fl6 
urban development . 

More recently, the-doctrine was rejected in Fontai nbl eu Hotel 
Corporat i oh versus Forty-f i ve Twenty-five I ncorpora ted, . In 
this case, the Fontainbleu Hotel in Miami, Florida, sued the 
owners of the Eden Roc Hotel to the south when the latter 
built an extens i on whi cti shaded the Fontainbleu swimming pool 
af.ter 2:00 in the afternoon. The court cited the judicial 
history of the ancient lights doctrine in its decision, con- 
cluding that "'in the absence of some contractual or statutory 
obligation, a landowner has no legal right to the free flow 
flow of light 'and atr across the adjoining land of his neighbo 
The court went tn to say that the proper method for en uring 
agains^t shading wa^s a specific amendnjent of the planning and 
zoning ordinances of the city. 

Though the c^octrine is stilT !in force in other parts of the 
English-speaking world, it has been lost to American law. 
In English law, the doctrine has traditionally been applied 
to "solar l;ight" rather than "solar energy". Were it not for 
other disadvantages, a redefinition might have made the'doc- 
trine useful in this country.- However, many drawbacks make 
prescriptive solar rights impractical . First,- there is the 
question of lead time before the right is established. Ten 
to twery:y years m^y be too lon^. a period to offer any protec- 
tion again%t shading, yet "retroactive" prescription woul^ be 
objected to in many cases as constituting an unfair burden on 
servient property holder^. In general, prescriptive rights 
are seen to be too inflexible to be successfully applied for 
insuring solar acces^s. - 



Restrictive Covenants , 

The numerous 1 ocal bu i 1 di ng covenants and architectural review 
boaV^ds provide another opportunity for protecting sunpight^s' 
in a community, but may also present problems for solar eq^^uip- 
ment. There are two'legal terms that mealS almost the same 
thing: "restrictive cov-enants" and "equitable servitudes". 
A c ovenant is simply a promise involving land. It is usually 
found in a deed and frequently controls esthetics, i.e., the 
^appearance of property. Esthetics may also be controlled by 
Taws and ord i nances , but prrvate controls are more common. 

In practice, today , priVate promfses are en-forced as eqjj i table 
servi t udes , rather than as "^reatri cti ve covenants. This is be- 
cause money damages are usually less satisfactory than an in- 
junction and because of the tompl i ca ted anci ent laws regarding 
covenants . ' \ ^ - - 

Covenants are of greatest potentialuse where new tracts are 
opened for development (they will be of almost no help "in es- 
tablished neighborhoods). Subdivision developers realize that 
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some homogeneity in a neighborhood will appeal to potential 
buyers. For instance, covenants may require shrub and tree 
plantings to conform to a general landscape plan. In large 
subdivisions, covenants could be incorporated that guarantee 
access to solar energy for home heating and cooling. They - 
could' be worded like a solar easement, or could specify generous 
setback requirements and strict height limits on trees and 
structures. Large-scale developments could be requi red to 
provide such agreements. 

Restrictive covenants are included (or incorporated by refer- 
ence) in every deed when individual lots are sold, and are 
aVso enforceable against future purchasers. The owner of a 
lot in the subdivision who would be harmed by a neighbor's 
breach of a covenant has standing to sue the neighbor, despite 
the lack of direct participation in the contract. 

Covenants to protect solar access can be routinely used in 
subdivision, mall, or i ndus trial park situations. They cost 
nothing, and do not require unsophi sti cated i ndi vi dual property 
owners to draw up legal docum^ents. The developer's lawyer 
has only to add a clause or two to the deeds. 

Restrictive covenants could be used to hinder solar homes as 
well as encourage them, since the^ are used to create private 
architectural review committees with authority to re j ect changes 
in building appearance. Thi s authpri ty is often stated in ex- 
tremely general terms, and could be exercised to prohibit use 
of a solar collector. The most likely course of relief against 
a recalcitrant board will be to seek declaratory relief in 
court, i.e., a statement from the court that the covenant is 
unenforceable, because it is not clearly a/id unequivocally 
expressed. Because the law on this subject is "highly tech- 
nical, erratic, and in flux", the outcome' of such challenges 
will be difficult to predict. 

There is little question that a city could prohibit new cove- 
nants among private parties that unduly interfere with the use 
of solar collectors. The enforcement of existing private cove- 
nants can also be affected by changes in zoning^in 5ome cases. 
Generally, the more restrictive provision will govern. But 
zoning can influence a court in determining whether to invalir 
date a restrictive covenant because of changing conditions. 
In a few states , courts have gone substantially further and 
cr^eated a rebuttable presumption that the zoning change re- - 
fleets changed conditions. Thus, a zoni ng ordi nance defining 
area^s in which use of solar energy is expressly encouraged 
might convince some courts that the review board must allow ^ 
for U5e of solar collectors. 



Land-Use Planning and Controls 

Commonly used techniques that could pr^omote solar utilization 
in new devel opmefi ts^ include comprehensive city or county plans, 
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energy impact statements, and flexible zoning techniques. Imag- 
inative work is needed to determine how best to use existing 
laws. Although local governments are able to help protect sun- 
rights, under existing statutes this power usually is not used 
to help solar equipifl6nt owners. Many solar access conflicts 
may arise because the value of solar energy was not considered 
at the design starge. For example, the placement of a building 
on a lot may determine whether neighboring buildings are shaded. 

Many existing controls on construction and land use might be 
used , wi th si ight modi fi cation , to provide for the timely con- 
sideration of solar access. Several s tates - - i ncl udi ng Arizona, 
New Mexico, and Virginia--have information and promotional ac- 
tivities that could includeeducating builders about design 
criteria for solar energy. A bill in. Oregon suggests a more 
aggressive approach; the extension service program is directed 
to use county extension agents to disseminate information 
about solar energy. A similar measure has- been proposed at 
the federal 1 evel . 

Land-use patterns appropriate to solar energy may not coincide 
with other methods to conserve energy. For i ns tance , di spersed 
development is essential to ^sTome methods of uti 1 i zi ng_ sol ar 
energy. If lots are very large rel ati ve to the structures on . 
them, neighbors will not' shade one another. But such spread- 
out development means more fuel must be burned for transport . 
tation. Communities should be interested in minimizing total * 
demand for nonrenewable fuels. 

A holistic approach is suggested by an ordinance adopted Tn 
Davis , Cal ifornia. A more traditional approach is to require 
consideration of energy cons ervati on objectives in comprehensive 
plans. Comprehensive plans are used in many stat'es to guide 
long-range policy in local zoning. A growing minority of 
states requi re 1 ocal i ti es to adopt comprehensive land-u$e 
plans that conform to standards set by the.statjs. Oregon, 
for example, requires that eaergy conserva ti on be included 
as a goal in all local plans. Provision for solar energy in 
comprehensive plans was suggested by the Amer i c^lan Bar Foun- 
dation, and tias so far been considered in at least two states. 



Solar Access and Zoning Ordinances ^ • . 

The power to zone can literally shape a community from broad 
outline to minute detafl. In 1924, Congress drafted a Stan- 
dard States Zoning Enabl i ng Act This exemplary Act, or mod- _ 
ifications of it, was adopted by most state governments, and 
empowered municipalities desirous of this fprm of land Mse 
control to draft and implement zoning ordi ngnces . Since that 
time, zoning and subdivision ordinances 'have been designed 
that regulate such aspects of community design as homogenous 
land use zones, street width, lot size and setback requ;i,rements 
for buildings and fences. Architectural features such jis roof- 
ing materials, maximum bui 1 di ng hei gh t , and permi ssrbl e out- • 
building design are a-l so regu 1 ated in many ordinances. More 
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recently, regulations Have been developed that limit construc- 
ti'on of new housing units, by ye^rl,^ quotas, require construc- 
tion to be compatibTe with terrain to prevent soil erosion, 
and allow higher than average residential density in exchange 
for donations of land to be preserved a^ open space. The con- 
stitutional issues surrounding the "taking" of .perperty rights 
by such land use controls have been extensively argued in the 
courts, and the function of planning and zoning boards is a 
familiar aspect of American urban government. In these res- 
pects, zoning has already accomplished many of the tasks a 
novel approach to solar access would have to undertake afresh. 

Although enabling legislation for zoning and some form of 
subdivision control exists in all 50 states, one fexpert esti- 
mates that only 5000 out of 60,000 jurisdictions with power 
over land use exercised zoning powers in 1974, Existing 
authority to plan for. solar energy may therefore be adequate 
but not in and of itself sufficient to solve the problem. 

Zoning law can both facilitate and frustrate the collection of 
solar energy for heating and cox)ling structures. Relevant^ 
^^actors controlled by zoning include height, setback, and 
sideyard restrictions; percentage of lot area covered;, use and 
accessory use; esthetics; stru'ttural orientation; etc. For 
instance, in residential areas only one accessory structure 
is often allowed, a regulation that rules put a detached col- 
lector if a garage or tool shed already exists, 

• - . * 

Several modifications could be made to exi s ti ng zoni ng ord- 
inances to protect solar access. Street layout^along east- 
west lines could be stipulated, affording property southern 
ori'entation of adjoining lots. Similar requirements for roof 
orientation would allow retrofitting of solar equipment in 
later years. Setback regulations forcing the placement of 
buildings near the northern lot boundaries would reduce the 
problems' of shadows cast from the south. Height restrictions 
could be defined more specifically to control the sh^adows 
cast by buildings. Most proposals for mandatory solar zoning 
are limited to areas zoned for single-family houses, provide 
for some sort of administrative appeal to relieve undue hard- 
ships,' and would be enforced like regular zoning laws. Some 
give all homeowners sun rights; others use a f irst-in-time- 
wi ns* approach , 

A significant advantage of the zoning approach is that each 
municipality drafts its own .reguTat i ons , enabling the regional 
flexibility needed to accomodate local solar geometry. The 
f ami 1 i ar- pol i t i tal climate of the city planning department 
may also be more favorable than a state agency for the impl.e- 
men-feation and ^protection of sol ar ^^ccess . A zoning ordinance 
incorporating many of the modifications noted above has been 
adopted in Albuquerque New Mexico, and has received much 
attentionintheliterature. 
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Despite the adaptability of zoning regulations, there are 
criticisms of this approach. Disadvantages inherent to ap- 
proaches based on zoning include: 

1. Zoning boards are' notori ously s us cep ti bl e to local politicr^'^ 
and special interest group and often grant or refuse var- 
iances almost on ^whim. 

2. It would be very expensive for a state or locality to 
intelligently redesign zoning plans. , « 

3. It can be expensive and difficult to appeal zoning decisions. 

4. If there are no restictions in the enabl i ng 1 egi s 1 a ti on , 
zoning laws can typically be changed by only three readings 
by relevant local authority.. 

5. Blanket zoning for solar access may conflict with other 
energy-conservj ng techniques: compact, contiguous develop- 
ment, for example, cuts the amount of fossil fuels needed 
for heating and cooling structures and for transportati^on . * 

6. Expertise, in planning boards for solar applications is 
lacking even in vigorous and up-to-date pi anning agencies . 

7. ' New zoning ordinances will not have any effect on existing 

neighborhoods, so other methods of assuring solar access 
will still be needed . 

8. Currently, zoning ordinances in many areas are an imp€idi- 
ment to the use of solar equipment and will have to be 

al tered . • 

9. Specifications outlawing the use of private property for the 
produc ti on, of power, certain types of nonconforming structures 
(such as detached collectors), or novel roofing materials will 
need modification. 

10. Orientation of streets and buidlings to. expedite passive 

collection or retrofitting of collection equipment may con- 
flict with landscaping necessary to reduce "soil .erosion, 
rai-nwater runoff, or noise.* , 

Ensuring solar access is fundamentally a question of land use, 
specifically, activity on the land which might inhibit surr.Oijnd- 
ing .properties' Sunlight. Zoning and subdi vi s i on law has evolved 
for the express purpose of regul a ti ng 1 and use to promote tlie 
public health and well-being, for this reason, some commen- 
tators view zoning as the most sui tabl e device for guaranteeing . 
solar access . 
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Zoning For Esthetic Purposes \ 

Private, esthetic controls are contained i^n the form of pre- 
scriptive easements, hov^ever, there are public regulations for 
estehtic purposes, and possible remedies are needed where such 
regulations could obstruct solar energy development* A right 
to sunlight falling on a roof is of little use unless the owner 
also has a right to put collectors on the roof to receive it. 

Judicial consideration of -^estheti cs regul ati on has a long, 
complicated history. The majority of courts, until quite re- 
cently, were very reluctant to support regulation solely for 
esthetic purposes because of the inherently subjective nature 
of esthetic judgments. In many cases, esthetic values are 
joined with some other more acceptable public purpose, such 
as maintenance of property values. This is particularly true 
where, regul ati ons seek to preserve areas attractive to tourists 
for their scenic or archi tectural beauty , such as in Santa Fe, 
New Mexico, and Mew Orleans, Louisiana. Courts usual ly uphol d 
archetecturaT Qon trol s under these narrow circumstances. 

Another judicial approach to esthetics regulations is what may 
be termed the "least common denominator test". Under this view 
some land uses are so obviously di scordan t and disruptive that 
they clearly fall within the scope of permissible government 
regulation. Presumably, solar collectors would not come under 
t h i s t e s t . 

A few states, including New York, Oregon, Massachusetts, and 
Wisconsin, have discarded all pretenses and upheld regulation 
for purely esthetic purposes. The most recent major opinion 
in this area, characterized as "the modern trend in the law" 
that "esthetics alone rpay justify the exercise of the police 
power". • 

In contrast to the trend in favor of architectural controls 
and restrictions on billboards, several courts have recently 
held ordinances invalid that required homeowners to keep grass 
and weeds below a specified height. These cases have been 
reported. in the press, but are not yet published. The im- 
plication is that opurts may apply a balancing test to re- 
strictions on the appearance of property, rather than the 
traditional (more 1 eni ent ) standard of reasonableness applied 
to zoning. If the property owner can assert some valid in- 
terest in the challenged use (appearance), courts may invali- , 
date the ord i nance .even under the "modern view". 

Solar systems need not be ugly. One prominent solar engineer 
stated recently .... "so long as the structure is still on the 
drawing board., I feel solar can be adapted to any architect- 
ural style... We've designed applications from everything from' 
salt boxes to contemporary designs to mountain cabins to a 
bank". 
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Flexibl e. Zoning Techniques 

Flexible zoning techniques include planned unit developments 
(PUD's) and bonus or incentive zoning. Only •a few States 
specifically authorize PUD's, but some communities use this 
technique without State authorization. PUD's minimize zoning 
restrcitions and allow developers to propose a layout, building 
design, and uses^ all as one package. Often the local ordinance 
provides some criteria, but review of the site plan is performed 
through a flexible, casje-by-case procedure. PUD's are flexible 
enough to incorporate any design objective, including solar 
access. Developers could be required to indicate the impact 
of shadows in their proposals and to justify any significant 
lack of solar access. 

<^ ' 

Other flexible zoning techniques |hat provide governmental re- 
wards in return for the developer's attainment of specified 
objectives also may be appl i cab! e . This type of zoning, 
generally referred to as "incentive" or "bonus" zoning, is 
most appropriate when the public benefit could not be ob- 
tained directly by police power regulation. For example, a 
Milwaukee ordinance allows increased floor area in exchange' 
for adding plazas, arcades, and other open space around office 
buildings. This approach might be appropriate to encourage 
provisions for solar access in high-density areas. 



Tra nsferab l e DevelopmenJ: Rights 

An innovative concept that is much discussed but. that has re- 
ceived little actual application is transferable development 
rights (TOR). The development rights of any lot are governed . 
by zoning laws that specify allowable heights, densities, s.et- 
backs, etf. To "transfer" such rights, the governrjient must . 
allow them to be sold separately from the land. What is sold 
is not air rights, but a governmental license to build. Every- 
one in an area could be given equal development rights, but 
may not be allowed to fully use them (by erecting a big or 
tall building) because of solar skyspace easements acquired 
by the municipality through condemnation or zoning. In other 
words, a specific governmental, restriction would be imposed 
within a general , 1 ess 1 imi ti ng governmental restriction. 
Under a TPR approach, the restricted property owners waul d 
be allowed to sell any development-rights that they could not 
use to owners of property zoned for more dense development. 
^In effect, the government takes away with one hand what it. 
gives back with the other. 

TDR has been sparingly used to preserve unique hi stori cal . 
sites and environmentally critical areas. It may have some 
limited applications to solar access planning. John Costonis, 
who helped develop the concept of TDR, has said: "It is con- 
ceivable that if we hold density. down substantially in an area 
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to prevent interference with the sun's rays, we may create a 
situation of basic inequity among landowners within that area. 
This TDR scheme may provide a basis for permitting a land- 
owner not permitted to achieve certain densities to receive 
the cash equivalent for his loss".* 

TDR may help avoid an unconstitutional taking where the de- 
ve'lopment on one lot is severely restrictecl for the benefit of 
another. Even if an unconstitutional taking is not involved, 
the public's sense of fair treatment may demand that TDR or 
some other form of compensation be applied. To conclude, TDR 
is. a very complex approach with dramatic side effects. It 
probably should not be used just to secure solar access, but 
may have an appropriate role as part of a comprehensive land- 
use pi an . 



Energy Impact Statements ' 

Another approach that avoids direct regulation, but shifts 
more of the burden to the builder, is the use of an energy 
impact statement requirement. Since federal adoption of the 
National Environmental Policy Act . in 1969, more than half the 
states and many localities have adopted requirements for en- 
vironrtiental impact statements in some form. Nine states ex- 
plicitly require that impact statements discuss the effect 
of projects on the consumption of energy; two have specifi- 
cally required discussion of energy conservation. 

Since large land developments will come under the impact 
statement rec^uirement in most states, this procedure mi ght 
be used to assure consideration of so^lar energy utilization. 
, A bill in Colorado would require subdivisiion regulations to 
include standards and technical procedures for solar energy 
use.- The^builder would also have to demonstrate energy- 
efficient design, e.g., proper orientation of the structure- 
to minimize energy consumption. 



Nuisance Laws ' ^ 

Nui sance is a class of wrongs fall ing within the law of - 
torts , i.e., the law of torts pertains to civil wrongs. The 
WQTd "nuisance" denotes that class ^wrongs arising from an 
unwarranted use of property 1 awful ly^acx^pi ed by one person^ 
which restricts the ordinary use of property lawfully occupied 
by another person. It is practically impossible to enumerate, 
the various unwarranted uses of property that may be classified 
as nuisances. Moreover, what conis ti tutes a 'Nuisance at a 
particular time and place may not constitute a nuisance at 
another tine and place. Loud and boisterous noises, for ex- 
ample, shouting and singing, especially at nighttime, raay be - 
a nuisance. The pollution of air with noxi ous . fumes , gases, 
vapors, smoke, and soot may be a nuisance. A busi ness enter- 
prise and occupation, although lawful in itself, may be a 
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nuisance. When the question of a nuisance arises, the courts 
are frequently confronted by the problefn of striking a balance 
between the interests of the private-property owner and those 
of a growi ng i ndustry . 

By declaring the shading of so-lar equipment a public nuisance, 
jurisdictions could grant solar energy users protection simi- 
lar to that offered public acquisition of solar easements, 
injunction to halt shading, or compensation for energy lost. 
Although this solution requires a relatively simple legisla- 
tive statement, its efficancyhas been questioned. Following 
such a legislative declaration, lawsuits may still be required 
to prove nuisance in individual cases, property owners bur- 
dened by nuisance restrictions may demand compensation, 
and suits brought to protect solar access before collectors 
have been installed may be dismissed as premature. Injunc- 
tive relief, which would require offenders to halt any shading 
activity is not likely to be awarded in most cases. Moreover, 
only a public official may bring suit to enforce such a statute, 
unless the language of the statute' provides specif ical ly for 
attack by an individual. Otherwise, if an individual is to 
bring suit he must prove damage different in kind, rather 
than degree, of the public damage. 

Private nuisance law is largely ignored in the literature. 
However, one small town, Kiowa, Colorado, has passed a zoning 
ordinance allowing a property owner with a solar collector to 
h.ave a structure decl ared a public nuisance if it interferes, 
with the owner's collector. ; 

Even where 1 egal ly possi bl e , there are di sadvantages to pro- 
tecting solar access with a statutory publ i c nui sance approach:' 

1. Lawsuits would be necessary to prove each instance of a 
nuisnace. 

2. In some cases, the owners of restricted property may truly 
deserve compensation, but no compensation may be available. 

3. Injunctive relief would not be available in many juris- 
dictions. . . 

4. If one tried to sue before going to the expense of in- 
stalling a collector, the suit may be dismissed as not 
"ripe". 

5. Since a publi c nui sance is a crime, a homeowner may have 

. to wait for' the state to sue. Under some circumstances," 
however, private individuals may sue if they, can show 
theywere particularly damaged^ in some way not- shared 
by the public generally. The pi ai nti ff * s damage must be 
different in kind, rather than just degree, from the gen- ' 
eral public's. It, is uncertain whether shadows cast on 
- a collector would meet this requirement. It is possible 
that a statute could get around this problem *by stating 
that individual citizens may sue in the public interest. 
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6. A ticklish situation would arise if a bungal ow 'Owner 

living between two skyscrapers .decided to put collectors 
on the roof. The majority vtew is that the person who 
in good faith comes to an existing public nuisance has 
rights to have it abated--even though it was there long 
before he arrived. 

Just as nuisance laws will not be of great help to solar home- 
owners, they will not help those protecti ng « sol ar homes. It 
is unlikely that a solar collector would be found to be either 
a public or private nuisance as "the mere uns i ght 1 i ness of 
defendant's premises" is usually insufficient to create a 
n u i s n a c e " . 



Water Rights Law 

By incorporating the principles of solar geometry inta, zoning 
ordinances or express easements, the body of experience al- 
ready established in the law could be used to implement the 
novel concept of guaranteed solar access. By making an analogy 
between sunlight and some oth^r natural resource with a proven 
history in law, another vehi cl e coul d be developed. Oil and 
gas law is a possibility, but its emphasis on ownership, com^ 
plex leasing arrangements, and the exploitation of finite 
areas and quantities are not characteri s t i cs s hared with 
solar energy. Because solar energy is used, not extracted 
for sale, and because its availability is not diminished by 
use, water is a better analogy for sunlight. 

American water law is divided into two schools of theory. In 
many of the moist states, the doctrine of riparian rights is 
followed. Here, the right to use water flowing in,a stream - 
is incidental to t^e ownership of land abutting the stream. 
In drier western states , rights to water are apportioned ac- 
cording to the doctrine of prior appropri at i on , where right 
is established on the basis of who first extracted the waters 
for a beneficial use. For a number of reasons, including a 
weaker judicial history, lack of flexibility, and adminis- 
trative disfavor, the riparian doctrine has been passed over 
in favor of the prior appropriation system. 

Mary D. White proposed a controversial state-level approach 
for solar access rights in 1976. She^ suggested allocating 
sunlight as water is a^llocated in states that, use the prior 
appropriation doctrine. The proposal has several advantages: . 

1. It provide^ an equ i tabl e framework for the allotment of 
solar rights without great publ i c expense or complex adr 
ministration, as might be required under zoning and public 
acquisition of solar easement schemes. 

2. Those who want assurance of solar access can apply for 
it; those who don't are not affected by the system in any 
way . 
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3. The system provides for the assessnrent of ^individual cases 
in an equitable, ef f i ci ent , and inexpensive manner; except 
in cases of re-hearing or appeal, a lawyer's assistance 
would not be required by applicants or those in opposition. 

On the other hand, under the prior appropriation doctrine of^ - 
water rights, the water must be put to a beneficial use within 
a reasonable time and defining "beneficial use" is the subject 
of much water law. White identifies the real question as whether 
a beneficial solar use would be preferred over a nonsolar use. 
For example, could the owner of an existing solar house enjoin 
construction of a conventionally heated but economically val- 
uable structure that would shade the solar house's colTector? 
Under the water-law analogy the newcomer would have to buy the 
solar homeowner's resource rights. The disadvantages of the 
water-ri ght system may be: ' 

1. The approach is grounded on the pri nci pi e of "f i rs t-come , 
first-served'". ' 

2. It seems unfair to allot sun rights on this basis when, it 
may be possible to plan additions to structures so that 
they do not shade their neighbors.: 

3. The application of a water-law analogy would drastically 
increase the value of some parcels, while slashing the ' 
worth of lots to their north. Such unequal treatment may 
be unconstitutional, since no compensation would be paid 
for lost devel opment ri gh ts . 

4. ' It seems unreasonabl^e to force property owners to in- 

stall solar equipment prematurely • just to protect their 
sun rights. Conversely, under a water-law analogy, pro- 
perty owners may have to build additions to their struc- 
tures prematurely if their neighbors hint they may install 
solar equipment. 

5. Substantial conflict with land-use planning goals i^s pos- 
sible. 

6. Many more people would seek solar rights Ithan presently 
file for a permit or go to court to secure- water rights. 
Conceivably, nearly every property owner in the United 
States could try at some time t6 secure solar rights. 

In states like Colorado, whe/e court proceedings are 
necessary, courts could be overwhelmed . 

Although the approach is controversial , the 'state of New ; 
Mexico has aassed a Solar Rights Act based on the prior ap- 
propr i ati onfpri nci pi e . 
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The New Mexico Solar Rights Act 

During the 1978 Legislative session, the New Mexico Solar Rights 
Act was passed into law. This piece of legislation acknowledges 
"... that the right to use the natural resourtes of s.olar energy 
is a property right, the exercise of which is to be encouraged 
and regulated by the laws of this state..." The act further 
defines solar rights as "... a right to an unobstructed line-of- 
site path from a solar collector to the sun, which permits ra- 
diation from the sun to impinge directly on the solar collector", 

. .V In order to establ i sh your solar right you must make "beneficial 
use" of the- sunl ight. Under this law, only those individuals 
who are actually using sunlight "beneficially" are protected. 
Unless written into a contract, potential use or future solar 
rights are not protected under the law. The law was passed 
to protect solar systems that provide significant benefit 
an>d not' prohi bi t or impede the development of adjacent property. 

According to the law, "a solar collector means any device or 
combination o'f devices or elements which rely upon sunshine 
as an energy source and which are capable of collecting not 
less than twenty-five thousand Btu's on a clear winte^ sol- 
stice day". To find out whether^ or not your solar collector 
complies with the definition of the law, you should consult 
the manufacturer's specifications or the deal er/ i ns tall er 
from which you purchased the solar system. 

The statute further notes that "the term $oTar collector also 
includes any. substance or device which collects solar energy 
for use in: the heating or cooling of a structure or building; 
the heating or plumbing of water; industrial, commercial or 
agricultural process; or the generation of electricity." 
<rThe law also states that a solar collector can ser^e as a 
structural member such as a roof, a window, or a wall. Con- 
sequently , passive solar isystems or components (greenhouses, 
trombe walls, or direct gain systems) are protected under 
the law. 

Not only does the law provide definitions for determining 
solar ri ghts ,. these definitions are used as guidelines when 
disputes over solar rights occur. For example, if a property 
owner sells the property, the solar rights remain with the 
property. However, solar rights can be sold or eliminated 
completely, in which case recordi ng of such transfer or elim- 
ination shouldbe in accordance with Chapter 14, Article 9, 
NMSA 1978. Finally, if disputes over solar rights occur, 
the law states that the property owner(s) of the adja/cent 
property Is prevented from doing anything that would shade 
yoCir collector after you have establi^shed "beneficial use", 
established that your tollector was there first, and have 
filed a claim for your solar rights. It should be emphasized 
that'.in most municipalities no mechanism has been establ i s hed 
for filing solar rights. Consequently individuals wanting 
to file their solar ri ghts s houl d contact their county clerk's 
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office (property records di vi si on ) , or the local planning/ ^ 
zoning office.. If litigation results, it is always wise to 
seek counsel . .* , 

Since there are many communities within the state; whi ch now 
have or will be - i mpl emen ti ng their own solar-rights ordinances 
(Albuquerque, Las Cruces, Los Alamos, Santa F.e , Taos), it is 
advisable to consul t the 1 ocal planning or zoni ng au thori ty 
relative to solar ri^shts ques^f i ons • 

(All of the above, i? information directed to inform the' public 
of the general content and nature of the New Mexico Solar 
Rights Act. ) ; 



Solar Energy and Insurance ' ■ " • . 

The primary function of .insurance i$ to substitute certainty 
for uncertainty by shifting the risk of a disastrous^event 
to an insurance company. ^ payment, termed an insurance 
premium, is made to the company as . compensatton for its ac- 
ceptance of the risk. A policy contract between the indi- 
vidual and the company sti pul ates the amount ancj term or 
period of time of the insurance protection. The insurance 
company, of course, insures many i ndi vi dual s agai ns t the 
same Tisk.^ The overall effect is to spread/the cost pf the 
disastrous event, which normally would fall on one individual, 
over many individuals exposed to the same hazard. 

It will still be awhile before all i nsurance compani es have 
evaluated the risks involved with sol ar equipment , and the 
rates they must charge to insure against those risks.. In- 
surance companies have not been reluctant to pVovide insurance 
for solar heated structures. Comprehensive insurance has not 
yet become a high risk factor since glass breakage has not 
been excessive . Fi re insurance should not be af f ected s i nee 
the required additional insulation is fire resi stant. and the 
energy requi rements (el ectri ci ty for control s etc . ) are - ' 
similar to those used i n conventi onal heating components. 
There may be a need to Kave fire stops placed in the Vbof- 
to-equi pmen t-room space wh^r^^i^ipes are located. These air 
columns could act as a flue andSoause a draft that Would draw 
flames from the basement to the arUc. Also, ^eat and sjnoke 
detectors shbuld be installed as rec>>nm^ by Underwriter's 
Laboratories. . ^^-^ - ^ . 

On the other hand, many passive .and active solar collectors 
are covered with sheets of glass, and make tempting targets 
for small children wi'th stones. Suppose a motorist is sud- 
denly blinded by the glare of a nearby sfolar- collector, and 
has a serious and costly acci^nt. Who is liable for the 
damage? What if the additional weight of th.e- col 1 ectors on 
a roof cause it to sa'^g or collapse? ts there insurance cov- 
erage avai 1 ab1 e for that poss i bi 1 i ty? These and many sim-ilar 
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questions still need answers. We know that' good design-and 
careful construction can greatly reduce the 'ri sVs that might 
otherwise be present. But is good quaVity work good 'enough? 

As soUr energy commerci al i zSti oji expa-nds, there will undoubt- 
edly be" legal issues raised regarding the role of insurance 
and the pecularities associated with solar equipment and 
activities. Such issues would probably fall into one of three 
principal categories: property losses, public liability, and 
workmen's compensation. ,. • 

SOLAR EN£RGY AND LA.BOR ,.' > 

.One of the most cri ti cal i ssues in evaluating the impact of a 
new energy technology on labor, and one-bf 't-he most difficult 
to deal with reliably, is how the techno! ogy . wi 11 affect over- 
all manpower requi rements in the ^energy industry. Interest 
in solar ^energy applications has a history of peaks and val- 
Teys in the United States, Recentlyo," of course, interest has 
accelerated to the point where the na^^ti onal effort in solar- 
energy research and development probab.ly exceeds one billion 
dollars a yeaj. It is expected to. reach several billion 
doollars soon when solar devices are moVe wi de1y marketed. 

The growing emphasis on solar energy app^li cations implies 
future demands for a variety of manpowjsr s kil 1 s and capa.|)i.l-. 
ities, including research and development s ki 1 1 s r analysi s 
"and design skills, manufacturing skil'ls ..and installation and^ 
maintenance skills. Many of these s4cill^ and capabilities 
may be available in adequate numbers through normal reallo- 
cation of manpower Vesul ti ng ..frdm private sectar maVket' 
forces^*(e.g. , job openings, differential wage rates, and ^- 
investment decisions). On thq other hand, adequate avail- 
ability of some skills may require consi derar5lhe advanced 
planning and public sector support, patrti cul arly wh^re rapid 
development and implementation of new technologies is .ex-- 
pected. Information about needed skills and capabilities, 
provided through manpower surveys and forecasting, aids in . 
-the formulation of government poli.cy and can be used i,n making 
policy decisions regarding research and development contracts, 
educational, sdpport, manpower training, and other programs. 
Manpower surveys and f orecas ti ng are especially important 
when anticipated manpower shortages or surpluses could act 
as a constraint on Federal policies or programs. ' ^ 

With regard to solar energy, manpower, the concern is that a 
lack of adequately trained manpower »coul d constrain the de- 
velopment and acceptance of sola^f* energy as an alternative 
energy source. First, the devel opment and applica'tion of 
solar may creti te additional empl oyment opportun i t i es that 
exceed the available manpower pool, this could be partic- 
ularly true if there are new Federal ipitiatives in^" scalar 
research and devel opmen t or new incentives for comro^erci al - 
ization. Second, the existing employment oppoctunity may 
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require new skills or 'di f f eren t mix of skills than is currently 
possessed by the workforce. For exampl e / adxii ti onal training 
in solar applications for engineers and technicians may be 
required. ^ - , 

The Impact of Solar Energy On American Labor 

While the analysis of the overall^ 1 abor requ i rements of solar 

energy is very primitive, it is poss i bl e •to be somewhat more 

confident about some qualitative aspects of sol ar energy * s 

impact on the work force. ; . ^ " ' 

Onsite solar teclinology appears ^to be more labor-intensive 
than contemporary techniques for supplying energy. Thus, in 
the short term, the introduction of solar Energy devices might 
create jobs in trades now suffering from serious unemployment. 
In general, the new jobs will be distributed widely across the 
country and will not require laborers to live in revmote or. 
temporary construction sites be/:ause most workers should be 
able to find jobs in areas close to their homes. Work on 
.solar equipm.ent^ for the most p^art, woul d . necess i tate only 
simple retraining programs, al though, there may Be shortage? 
both of engineers and architects qual'ified t.o design solar - 
equipment, and of t)perators trained in maintenance of some - 
of the larger and more sophisticated solar devices which have 
been proposed. ^ 

Assessing the long-term implication of technological develop-, 
ment on the work force, however,^ cannot be reliably undertaken 
with contemporary economic methods. Long-term labor impacts 
will depend on forecasts of .future ^growth^ rates both in the 
economy and in S, en^ergy consumpti on--subjects about which 
there is great confusion and disagreement. AltHough making 
economic projections is hampered by imprecise methodology, 
it is pos'sible at'th.is point to outli.ne som^e of the critical 
"issues which concern the effects of sol ar energy ^eyel opment 
on labor^. ^ * , 

yMan power Requi rements * ^ 

One of the most critical issues in evaluating the impact of 
a new technology on labor, and. one of the most difficult to 
deal wTth reliably, is how the technology will affect overstll 
manpower requirements in the energy industry.- Tables VII-2 
and VIII-3 compare the manpower requirements of a conventional 
coal-fired generating system with the manpower requ.ired to 
construct and to operate each of^two kinds of solar devices 
capable of producing equivalent .amounts of energy. Only, 
first order effects have been cons i dered , and the estimates : 
made about sol ar devi ces- are necessarily "Speculative. One 
overall concl usioa seems inescapable, however; a large frac- 
tion of the* value of solar equipment i s attri bu table to direct 
1 abor costs ^ ^ 
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The high labor intensity of solar equipment, is not surprising. 
Most devices can be constructed from relatively inexpensive 
material, and the small equipment examined here would not 
require extensive capi tal -carry i ng charges during construc- 
tion. Factories for mass production of photovoltaic devices, 
heat engines^, and other components of solar technologies wiTl 
probably empl oy' sophi sti cated and expensive equipement which 
will reduce labor in these industries. Much of the work of 
installing solar equipment will continue to require direct 
onsite labor. 

Table VII-2 lists all labor requirements for construction at 
the plant site, to build the 800 MWe turbine generator in a. 
factory, to operate the generating facility at an average of 
60 percent of full capacity for a period of 30 years, to build 
and operate a coal mine large -enough to support the plant, to 
transport the 2 . 5 mi 1 1 i oit tons of coal per year needed to 
operate the plant, and'^to construct and maintan'n a trans- 
mission and distribution networlc. It is noteworthy that the 
operating and maintenance labor is more than twice as great 
as the labor needed to construct the facilities, and that 
nearly 20 percent of the manpower requirements in operations 
are used to maintain the di s tri buti on facility. 



Table VII-2.— Labbr Requirements for a Conventional 
800 MV\^e Coal Plant 
(m units of man hours per megawatt year) 





Construction 


Operating 
and 
maintenance 


Total 


800 MWe coal plant 


330 


380 


710 


coal strip mine using 
western coal . . 


20 


360 


380 


coal preparation plant. . . 
coal transportation 


3 


-290 

34a 


293 
340 


electric transmission . , . 


40 


5 


45 


electric distribution 


190 


310 


. 500 


steel & concrete 
duction 


10 




10 


turbine/generator 
manufacturing 


170 


0 


170 


Total 


763 


1685 


2348 



Assumptions: — 800 MWe coal plant operating at 60 -percent 
peak capacity for 30 years; 

— western coal, strip mine with 525-mlle train line; 

— all data base^ on Bechtel data with the ex- 
ception of th^ turbine generator manufacture. 
It was assuni^iJ that the turbine/generator cost 
of $150/kW of -which 25 percent was»labor and 
that this labor was paid at an average rate of 
$10/hr; 

— calculations divide the sum of construction 
manpower and 30 year operating manpower re- 

. gulrements by thq total number of megawatt 
years of energy »p>oduced by the plant. 
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Table Vll-S.— Labof Requirements of Two Types of Distributed 
Solar Energy Systems 
(in man hours per megawatt year) 





Construction 


Operating & 
^maintenance 


Total 


1. Solar hot water heaters 

(8m2 flat plate) 

-^manufacture collector 

— routine O&M 


800-2500 
i9nn 


. 0 
0 

1200 


800-2500 
1200 
1200 


Total for hot water system* 
Total for hot water system 


2000-3700 
2340-4040 


1200 


3200-4900 
-3540-5240 


II. Tracking silicon 
photovoltaic system:- 
a. Electric only (50 m^) 
—manufacture collector 

•and cells 

—install collector 

—operate system 


2600-3300 
1800*4600 


6800 *' 


2600-330a 
1800-4600 


Total for triacking photo- 
voltaic system 


4400-7900 


6800 


11200-14700 


Total for tracking photo- 
voltaic system including 
backup 


4740-8240 




11540-15040 


b. Electric 

+ 0.29Thermal 
(including backuj3) 


2240-3740 


3000 


5240-6740 


c. Electric + Thermal 
(including backup) 


; 11 30-1 750 


1240 , / 


2370-2990 



Assumptions: — 20 year system life; 

— Installation Includes 75 feet of piping costing 0.11 
f^H/ft to Install; 

~ flat plates installed for t.3 MH/m and tracking col- 
lector installed for 1 .3-3.33 MH/m2; 

~ cells assumed to be 18 percent efficient, optical effi- 
ciency 80 percent. ^ 

— labor for providing backup power is assumed to be 
50% of the construction labor shown in table VII-2— 

_ (^ Om 340 man-hours/MW-year) • 

— flat plates assumed to provide 930 kWh/m2.yr 
(Albuquerque); . t 
cells provide 320 kWh/m2.yr electric and 14^0 
kWh/m2-yr thermal for PV system (Albuquerque); 
0AM labor for PV system assumed to be 0.25 
hrs/m2.yr(see table XI-7); 

flat plate manufacturing labor based on data from 
veral collector manufacturers; 
ncentrator manufacturing labor assumed to be .024 
MH/lb of collector for PV concentrator given in table 
VII-7 (with concrete and sand excluded) with the labor 
to produce the raw materials added; 
.624 MH/lb is approximate labor Input for automobile 
manufacturing based on employment and production 
for 1973 given in 1976 Statistical Abstract of the 
United States, U.S. Dept, of Commerce, Bureau of 
the Census, pp. 369, 791. 
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-T3ble VII-3 presents an estimate of the labor required to 
build and maintain a flat-plate solar, water heating system and 
a small tracki ng. photovol tai c system in Albuquerque, New Mexico. 
The hot water system requires 1.^5 to 2.5 times more labor than 
the conventional coal-fired generating facility and even more 
if the utility must maintain a substantial facility for pro- 
viding backup power. *The range shown for the solar devices 
reflects the range of labor requirements provided by collec- 
tor manufacturers. It is probable that the labor requirements 
of a mature solar industry will be close to the lower end of 
the range shown . 

The major source of error in these estimates, apart from in- 
accuracies i n data gathering, is the failure to consider the 
many secondary kinds of employment which could be created by 
both solar and conventional facilities. A significant frac- 
tion of this secondary labor would come in the manufacture of 
primary metals, glass, etc., for both sol ar and conventional . 
systems. Given that the weight of solar devices would be 
equal to, or more than, the weight of conventi onal systems per 
unit output, itf seems unlikely that the differences in labor 
requirements illustrated would be eliminated by a more-detailed 
analysi s . 

Some collector designs .{e.g., plastit: collectors) will almost 
certainly require less manufacturing labor but they will pro- 
bably require more maintenance labor, while other designs 
which require less material (e.g., tubular designs) may re- 
quire more manufacturing labor than simple flat-plate systems. 

The photovoltaic system shown in table VII-3 requires more 
labor when only electricity is produced, because the output 
is about one-third that of the hot-water system. The larger 
operating labor results from the greater complexity of the 
tracki ng .system . If the system provides thermal output as 
well, labor iaput per unit of combined output would be about 
one-third lower than for the hot-water system. 

The labor requirements per unit of s61ar energy delivered 
would be higher in areas of the cojntry which do not receive 
as much sunshine as Albuquerque since each unit area of col- 
lector would produce less output. 

It, should ji.lso be noted that onsite systems which rely on 
utility systems for backup would probably not reduce the labor 
requirements for transmission and distribution system? signif- 
icantly. This is important since a large fraction of the 
labor required by conventional utilities is due to these 
energy distribution systems. A shift toward decentralized 
solar energy systems could, therefore, result in replacing 
centralized facilities with solar units requiring greater 
amounts of labor while leaving the labor-intensive distri- 
bution systems intact. 
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Geographic Distribution 

Employment in installation and operation of solar equipment 
can be expected to be distributed over a large part of the 
country. Initial installations of sol ar equi pment are likely 
to occur in places with high i nsol at i Qn--the South -and South- 
west* Locations with relatively low levels of sunlight, such 
as the Northeast, however, tend to have high energy prices. 
Thus, while low insolation levels make solar energy in the 
North expensive, competing energy sources are also expensive, 
so the net economic competitiveness of solar devices may be 
as high in the North as in more favorable climates- Employ- 
ment in installing solar energy equipment is> therefor^ likely to be 
as* geographi cal ly dispersed as the building industry* 

One thing about solar employment seems clear--none of the 
small solar devices considered in typidal analysis comparisons 
will require the major disloc-a^on of a work force, or the es-. 
tablishmeat of temporary work camps as may be required for 
construction of a pipeline, an offshore drilling operation, 
or a large central generating facility in a remote location. 
The relatively small solar devi ces analyzed here will provide 
employment in close proximity to where workers presently live, 
and therefore will avoid the social di sru'pt i ons„ as^oci ated 
with large fnfluxes of temporary workers* 

Unlike most ma jor manuf acturi ng "f aci 1 i ti es , solar manufacturing 
at present is spread across the country in 1 i teral ly hundreds 
of small companies* The future of these businesses, however, 
is very uncertain. If the demand for solar equipment in- 
creases substantially, the field may be dominated by a small 
number of large manufacturing firms, much as the manufacturing 
of conventional heating and cooling equipment is dominated by 
a small number of firms. 

On the other hand, solar devices may be designed for special 
climates and "sufficiently site-specific for manufacturing to 
remain geographically dispersed, much as facilities for Manu- 
facturing modular homes are today. It seems c]ear that be- 
cause of the sophisticated technology employed, t.he manufac- 
turing of components such as photovoltaic devices, heat en- 
gines, and concentrating devices will occur in a relatively 
small number of facilities. » . 

If a major demand develops for solar energy, it is likely 
that employment in .the area will be as stable as work in any 
typica.1 building trade; the solar equipment will simply add 
jobs at each construction site. If a ma jor retrof i t market 
develops, there could also be major employment opportunities 
in this area; maintenance of solar equipment will also provide 
a stable source of jobs* 
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Skill Levels Required ^ 

Solar energy technology can be implemented with the technical 
infrastructure and cadres of skilled engineers required to 
implement most other energy strategies. In developing coun- 
tries solar energy may provide a technique for converting low- 
cost labor into low-cost energy. 

Most of the employment directly created by a shift to solar 
energy will be in installation of the equipment by the con- 
ventional building trades, and in the creation of new manu- 
facturing industries. The skills required for installation 
of the equipment will be very similar to those required for 
conventi onal cons tructi on projects , al though some brief 
training programs will undoubtedly be desirable to famil- 
iarize workers with the new equipment and ijts installation. 
Most of the work will be in framing roofs, laying footings, 
plumbing collectors and storage "tanks , excavating trenches 
and pits for. pi peruns and storage tanks , i ns tal 1 i ng sheet 
metal ducting, insulating pipes and tanks, and installing 
el ectroni c control units. The work will be nearly identical 
to the installation of sophisticated air-conditioning and 
heating systems in conventional buildings. 

Larger solar installations, such as those serving groups of 
buildings and large i ndustri al operations , are likely to re- 
quire supervisors, managers, draf ts^men , desi gners , and en- 
gineers in roughly the same proporti on as these ski 1 1 s are 
required in the cons tructi on of conventi onal • power-generati ng 
facilities.- In fitct, since many large onsite solar facilities 
are likely to'be supplemental to conventional boilers and gen- 
erators, the solar equipment would simply add work in these 
areas at each installation. There may be a shortage of en- 
gineers^ with adequate knowledge in areas critical to onsite 
power in general and solar devi ces i n parti cul ar . 

Designing a reliable and efficient onsite device for a large 
installation (such as an apartment or industry) requires ex- 
perience with other types of equipment not now conventionally 
used in utilities or building energy systems. Solar onsite 
systems require even more expertise in order to manage the 
added complexities of collector design, thermal storage 
systems, more el aborate control systems, possibly of bat- 
teries,, heat engines, and photovoltaic devices. 

'Employment opportunities in manufacturing are more difficult- 
todefine, since the pattern of growth in the industry is 
presently unpredictable. Work opportuni ti es will include 
glazing, metal extrus i on , component assembly, and chemical 
processing (for photoelectric devices, select surface forma- 
tion, storage systems, etc.). It is difficult to anticipate 
whether the empl oyment wi 11 be created in a large number of 
dispersed fabricating f aci 1 i ti es , i n large central plants, 
0 r i n b 0 1 h . 



239 



ERIC 



IX-S-237 



The skills required to maintain the type of simple solar equip- 
ment installed on homes and small apartments will be similar 
to those required for conventional appliance maintenance of . 
utility gas and electric power equipment. Most of the per- 
sonnel in these professions will require additional special- 
^ ized training in solar technology. There is a serious short- 
' age of persons with the sk-iLls needed to operate intermediate- 
sized solar or conventional on^ite energy equipmerit. Owners 
of small total energy systems report difficulty in finding 
and holding persons trained in operation and maintenance of 
engines and heat recovery units, energy control swi tchi ng , a'nd, 
other associated equipment. Maintenance of a sophi s ti cated 
collector system will present similar problems. Many now 
employed in the operation of total energy sys tems learned 
the requisi.te skills from the U.S. military services. Such 
training appears difficult to obtain in private industry* 

. Table VII-4 and VII-5 demonstrate jobs'which must now be done 
to support conventional electric generati ng equi pment . The 
impact of solar equipment on- jobs will depend on the extent 
to which solar device^ displace fuel consumption (replacing 
jobs in mining with jobs in solar technologies)', the extent 
to which the technology would cut the demand for peak gen- v 
erating eapacity (replacing jobs in constructing and main- 
taining generating equipment with jobs in solar technologies)^ 
and the extent to which the need for transmission and dis- 
tribution equipment would be reduced. 

These effects are listed in the order of their likelihood. 
It is most probable that sol ar technol ogy would initially 
affect only fuel utilization, and would affect transmission 
and distribtiti^on requirements only in -Sin extreme case where 
.all or much of local energy needs are met with solar equip- 
ment. It should not be assumed that an increase in solar 
utilization would necessarily replace any of the empl oyment 
indicated in tables VII-4 and VII-5. The expected increase 
in U. S. and worldwide coal demand is likely to be so large 
that employment in mining would be unaffected by an expected 
penetration of solar energy into the market. 

Several observati ons -"^an be made on, the basis of the tables, 
however : ^ ' / 

1. Small solar installations are likely to employ more blue 
collar workers than professional employees, 1 

Solar installations on individual buildings typically re- 
quire one supervisor for each 10 workmen^ \ while 
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the ratio, for the conventional coal equipment 
table VIL-4 is closer to 1 to 3. 



shown in 



The larger industrial and community solar systems would, 
however, re^u^tr'e much more professional work. 
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2. Nearly 50 percent of the jobs associated with operating 
and maintaining conventional equipment is associated with 
coal mining and transportation. ' 

Jobs in the^se sectors could be replaced with jobs in re- 
pair and maintenance of ons i te equipment . ' . 

3. About 40 percent of the work required to build a conven- 
tional el ec.tri c system and 30 percent of the work required 
to maintain it is associated with distribution equipment, 
which is unlikely to be affected by sol ar technol ogy . 



Table VII-4.— Skills Required for Constructing a Coal-Fired Electric Generating Plant 
and Operating the System Over a 30- Year Period 



I. Skills Required for Plant Conslruclion (as a percentage of the 3,576 man-years^ required lo 
construct the plant and the transmission and distribution network) \ ■ - 



CoaJ-Fired Electric 
Generating Plant 



Transmission and 
Distribution Facilities 



Total 



Non-manual construction 
work 



Manual construction work 



9% 

(63% engineers and 25% 
draftsmen and designers) 

49% 
(variety of trades) 



13% 22% 
(50% electrical engineers, 
25% draftsmen and designers) 

29% 76% 
(mostly electricians) 



Total construction work 



58% 



42% 



100% 



It. Skills Required to Operate and Maintain Equipment for a 30 year Interval (as a percentage of the 
10,893 man-years required) 



Coal Mining and Coal-Fired Transmission and 

Coal Transport Generating Plant Distribution Facilities Total 



Non-manual operating work 17% 

(mostly trainmen) 



Manual operating work 



Total operating employment 



. 42% 
(mostly miners 
jand trainmen) 

59% 



6% 

(67% supervisors 
and managers) 

16% 

(variety of trades) 



22% 



3% 26% 
(mostly supervisors 
working on distribution 
systemV 

15% 73% 
(mostly electricians 
and meter readers for 
distribution system) 

18% 100% 



'Details about assurtiptions used shown In Table VU-S. ^ 

SOURCE: Based on data In '•Manpower. Materials, and Capital Costs lor Energy-Related Facilities." Bechtel Corporation, 
April 1976. 
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Table VI!-5.^Detailed Breakdown of Skills Required for Conventional eieclr'i^^^^^^ 
(man-years per 800 M W» coal-tired plant and associated distribution 

and fuelfacil(ties) 



(0 

o 
u 

Q) a. ^ — 

t CJi c 

E £ 9 

^ _ o 
is 9 rt 



Non-manual workers 

1. Engineers—conductor . . V 

—civil ........ 

—electrical ..... 

— mechanical . . 

— mining 

— industrial. . . . 

— safety ...... 

— environmental 

Total engineers . . 

2. Designers and draftsmen . 

3. Supervisors and managers 
4* Other 

Total nonmanual labor . . . 

Manual workers 

1 pipefitters 

2 prpefittei^^wetder 

3 electrician 

4 boilermaker 

5 boilermaker^welder 

6 Iron worker 

7 c^fpeiiter 

8 eqibiipment operators 

9 other 

Totnl manual lahor 

TOTAL LABOR 




2 

.2 
1.1 
,2 
.2 
.1 

2.0 
1 
14 
8 

25 



11 



36 
68 
115 
140 



(0 c S 
o o> S 
o o £ 



Annual 
Opera- 
tions 



37 



37 



37 



37 
37 
74 



6 
1 

14 
21 



8 
12 
12 

8 



20 

60 
81 



Con- 
strue 
tion 



213 
85 
40 

338 



400 
180 
280 
300 
100 
141 
140 
100 
120 
1761 
2099 



c 

.Si: 
to o>'5' 

i|? 

c C 0) 

li: w (TJ 

*- 0) — 
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Worki ng Conditions 

Expansion of the solar energy industry should not raise ser- 
ious health or occupational hazards, but some of the possible 
problems are discussed below. The manufacture of some photo- 
voltaic devices employs cadmium and arsenic compounds which 
could present hazards to workers assembling these units. Man- 
ufacture of plexiglass and other plastics ysed in photovoltaic 
devices can also involve handling potentially harmful chemicals 
These manufacturing hazards are not unique, however, because 
these compounds are widely. used in other i ndus tri es . Some 
steam-fitting jobs will involve hi gh-pressure steam lines, 
and some proposed thermal storage methods will require very 
hot oils, possibly explosive or toxic. These issues deserve 
serious attention before such install at ions become commonplace . 
Devices using hazardous material may only be .employee! in larger 
more centralized solar facilities and are unlikely to bp found 
in onsfte residential systems. Replacing jobs in coal mining, 
for those in solar equipment maintenance, however, would 
probably result in overall improved working conditions. 



Organized Labor , ^ 

Organized labor is enthusiastic about solar energy ' s potent i al 
for creating jobs. Like many other construction trade unions, 
the SMWIA has a national unemployment rate of 30 percent to 
35 percent, with unemployment reaching 50 percent to 60 per- 
cent in some areas of the North and Northeast (according to a 
1977 private communication from B. McMonigle, SMWIA). These 
are regions where energy prices have risen very rapidly tn 
recent years. It is possible that "si zabl e near-term markets 
for solar equipment can be found in these areas Jn spite of 
their relatively unfavorable^ climates. ^1" 

In 1970, the plumbers and pipefitters had a nationwide unem- 
ployment rate similar to that of the sheet me tal workers . A 
potential labor problem associated With implementation of 
solar technology is the question of which union will subsume 
the categories of newly created jobs. Until recently there 
have been few solar installations so that few unions have 
staked out territorial prerogatives. For the most part, the 
soVar energy field is still wide open, to jurisdictional com- 
petition. The situation can be expected to change as more 
work in the area becomes available. An arrangement has al- 
ready been negotiated between the Sheet Metal Workers aond the 
United Association of Plumbers and Pipefitters which calls 
for joint crews in the installation of hot air collectors 
using liquid storage systems. Jurisdictional ^disputes could 
be a serious problem in other areas, however , unl es s all 
issues can be settled as amicably as this one has apparently 
been. 
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Generally, union officials feel that an upsurge of solar con- 
struction and installation would radically alter the number, 
not the types of j obs avai 1 abl e to union members. Firms that 
now produce heating, ventilating, arid air-conditioning equip- 
mer>t--many of them already acti ve .i n -sol ar collector construe- 
tion--would simply expand their operations. Any new firms 
established wj)uld be uni oni ze^^r^TrNConventi onal ways. 

While labor has occasionally res i s teV^jTe^yKrtroducti^ of new 
technologies into the. building industry, this resistance has 
always been directed at technologies which reduce jobs on 
each building site or which trarvsf erred employment from one 
building trade to another. The disputes associated with the 
introduction of plastic plumbing, prehung doors, and metal 
studs all resulted from one of these effects. Solar equip- 
ment would add work at each site without displacing work in 
other areas. It is", therefore, difficult to imagine any ' 
group with a motive to resist its entry into the market. 



Long-Term Impacts 

The overall impact of generating a substantial fraction of 
U.S. energy from small solar devices is hard to assess, since 
current economic theory has no satisfactory method for such 
analysis. None of the major price equilibrium models^iised 
to determine the future of U.S, energy supply and demand 
adequately treat employment issues. Most make the over-- i 
whelmingly simpl e assumpti on that there will be full em- 
ploymen^t during the ^irtire period analyzed. As a result, 
many of these models tend to ignore the influence of alter- 
native energy strategies on unemployment. The difficulties 
of predi cti ng economic impacts are magnified by the lack of 
information necessary to translate a workable theory or model 
i n to useful pol i cy , ^ 

In the absence of an adequate methodal ogy , the most critical , 
questions involving the impact of solar technologies on the 
w6rk force cannot be answered with certai n ty , An exampl e of 
one difficulty can be seen in the problems associated with 
interpreting the impl i cati ons of labor i ntensi ty , If rapi d 
rates of growth are expected in both the U,Si economy in 
general and the energy production sectorin particular, and 
if unempl oyment i s expected to be very low as a result, any 
shift to a labor-intensive technology like solar energy could 
prevent wages from keepi ng pace wi th . growth in other sections 
of the economy. An industry with high labor jntepsity re- 
quires more manpower for the same output than industries with 
low labor intensity. As a result, the average wage paid per 
worker must be lower for t he 1 abor- i n tens i ve process. -^If . 
growth is not expected to be sufficient to el i mi nate— tfnem-" 
pToyment, labor-intensive industries will be beneficial to 
both labor and ^soci ety by productively employing a larger 
fraction of the work force. 
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Other questions which must be addressed include: 

1. To what extent would the energy produ^d by solar equip- ' * 
ment displace imports nucl ear , or i'ndi genous f uel suppl i es ? 

To what extent will solar energy fulfi 11 energy needs that 
might not otherwise be met? 

(If solar energy filled such needs, employment could grow 
in areas of the economy not otherwise pos^sible.) 

2. To what extent will dollar energy sources be able to reduce 
the need for installing additional electric generating 
facilities as well as reduce the demand for fuel? 

3. If imports are reduced, and funds invested instead ijf U-S. 
solar industries, how^much direct and i ndi rect empl oyfnen t 
woul d be created? ^ • * 

How much woul d employment be reduced in i ndustri es, now 
benefiting from the export market stimulated by our pur- 
chase of foreign fuels? 

4* What kinds of growth rates can be expected in energy so.urces 
other than solar energy? 

Will this growth rate be constrarfned bv/aslTortag 
capital, resources, and demand, 'or by^ shortage of critical 
skilTs? ^ 

Would solar energy compete directlyvfor scarce resources 
or would it be able \o tap phter capital or labor supplies? 

5. What kind of work force dislocations could be expected in 
a shift from one energy source to another? 

Would new skills not now available in the building trades 
be demanded? - 

What kinds of transient unemployment could be expected? 

Contractor Licensing and Irlsta ller Certification * 

^ — — ■ ■ — ^ ^ 

The solar industry is young and many of the contractors and 
installers are inexperienced. This inexperience has he^j\ a 
significant factor in the analy.sis of issues relating to con- 
sumer assurance and commercialization of 'solar devices. There 
are virtually^ adequate solar ijistaller certifi cation or ' 
contractor 1 icensi ng procedures . The solar industry and stlar 
contractors are unanimous in stating the need for certification 
for installers. Both groups feel that proper testing of skills 
or knwoledge prior to certification wouTd lead to better in-' 
s tal 1 §Lti ons . It would also provid'e a minimal 1 evel jDf con- . 
sumer assurance. 
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Proper testing and certification of solar installers is a high 
priority actioti on the part of states. Proper testing of other 
appropriate contractor 1 i cense categori es for supplementary . 
solar adjunct is also necessary. It would be appropriate for 
the Solar Energy Industry Association to develop a consensus 
certification requi rement to pro^yide to states as a modeS^for 
adoption . 
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CODES, LEGALITIES, CONSUMERISM, AND ECONOMICS 



BUILDING CODES, STANDARDS, WARRANTIES 
THE BUILDING C ODE OR D INANCE 
Introduction T o Building Codes 

The planning, construction, location and use of buildings are 
regulated by a variety of laws enacted by local, state and 
federal governments* These statutes arhd ordinances--which 
include building, plumbing, electrical, and mechanical codes-- 
are intended to'' protect the health, safety and general wel- 
fare of the public. Bui.lding codes establish minimum re- 
quirements for this protection. They do not necessarily 
contain criteria which assure efficient, convenient or ade- 
quately equi pped 'bui 1 di ngs . ^ * 

A building code es tabl i s hes. requi rements for the construction 
and occupancy df buildings. It contains s tatndards ' of perfor- 
mance and specifications for .ma teri al s , methods and systems. 
Codes also cover structural strength, fire resistance, ade- * 
quate light and ventilation, and other considerations de- 
termined by the design, cons tructi on , al terati on and demo- 
lition of buildings. 

The Regul ati ens : A 'code becomes law when it is adopted by a 
municipafity as a public ordinance. Local communities may 
Write their own codes or may legally adopt oth^r codes, such 
as state building codes or one of the model codes described in 
subsequent sections. {A sample ordinance fo>? adoption of a 
model code is shown in Figure 1.) All codes. contai n certain 
fundamentaT provisions. Following is a listing of the gen-' 
eral provisions of a typical building code: 

I. Admi ni^s trati on and Eq-'f orcement 

A. Definitions andclassifi cations 

B. Bui 1 di ng 1 imf tati ons . * 

C. Use and occupancy requirements 

11. Structural Requirements. 

A. Footingsandfoundations 

B. Structural requirements for lumber, masonry 
steel , etc . 

C. Chimneys and flues 

X 

III. To Make The Structure Livable 
^- -..lis Si ting equipment ^ 
'B. PTurfibing and drainage 

C. Air conditioning and mechani cal ven ti Tat j on 

D . Electric wi ri ng 

IV. Health and Safety 

A . Means of egres s . ' " 

B . Fi re protecti on 

C. Light and ventilation 

D. Protection of workers and the public 
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Various codes elaborate on these provisions for local con- 
ditions, i.e., depth of- f aunda t i ons in different climates or 
extra strength of framing for snow loading or earthquake. 
Many of the code requi riemen ts that are mentioned abjove apply 
mostly to private residences or alterations to them, but they 
also apply to multifamily buildings, small office buildings, 
warehouses, etc. 



T he E nfor cem ent: Generally, the local administration and 
enf orcemen t oT^codes is by a building inspector or engineer 
who has the authority to approve materials and methods which 
may not be directly referenced in the code. Qualified people 
are necessary to administer a building code properly. No 
matter how good a code may be, it must be enforced by someone 
experienced, informed and objective. Most builders do not 
complain about the careful and competent inspector who is 
consistent and tough, but complain about the part-time in- 
spector who does not understand construction and* may ^e ar- 
bitrary and inconsistent. The competent code enforcer who 
knows his job knows when the letter of the code should pre- ' 
vail and when subjective interpretation should be made. 
However, the local code administrator is faced continually * 
with the difficulties of judgment and may well argue that 
his job is to check compliance. 
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The following is a sample form for adoption of the Uniform Building 
Code and Uniform Building Code Standards. 



SAMPLE ORDINANCE FOR ADOPTION OF THE 
UNIFORM BUILDING CODE AND 
UNIFORM BUILDING CODESTANDARDS 

ORDINANCE NO, 



An ordinance of the ouHtdiction) r egulating the erection, con- 
struction, enlargement, alteration, repair, moving, removal, demolition, 
conversion, occupancy, equipmerit, use, height, area and maintenance of 

all buildings and/or structures in thc^ tfuritdtetiony ; providing for 

the issuance of permits and collection of fees therefor; providing penalties 

for the violation thereof; repealing Ordinance No. jt _ of the 

quritdicnon) and all other ordinances and parts of the ordi- 
nances in conflict therewith. 

Jhe (Qovmlnq body) ._ of the (juriidtellon) 

does ordain as follows: 

Sectioa 1. That certain documents, three (3) copies of which are of) file 

in the office of the «uritdiciion*t ^••p»f of wcordt) and the UuHidicUon) ; 

being marked and designated as **Uniform Building Code" (and 
s"Uniform Building Code Appendix'*), 1979 edition, and the "Uniform 
Building Code Standards," 1979 edition, published by the International 
Conference of Building Officials, be and the same is hereby adopted as the 
code of the (jurisdiction) for regulating the erection, construction, en- 
largement, alteration, repair, moving, removal, demolition, conversion, 
occupancy; equipment, use, height, area and maintenance of all buildings 

and/or structures in the Ouritdicilon) providing for issuance of 

permits and collection of fees therefor; providing penalties for violation of ' 
such code; and each and ali of the regulations, provisions, penalties, con- 
ditions and terms of such "Uniform Building Code," 1979 edition, and 
the "Uniform Building Code Standards," 1979 edition, published by the 
International Conference of Building Officials, on file in the office of the 
guritdiction) are hereby referred to, adopted and made a part 
hereof as if fully set out in this ordinance. 

Section 2. That Ordinance No of ^ quritdtcuon) :cntitled 

(fill in here the complete title of the present building ordinance or or- 
dinances in effect at the present time so thai they will be repealed by 
definite mention) and all other ordinances or parts of ordinances in con- 
flict herewith are hereby repealed. 

Section 3. That the guritdiciion ■ ic«p<r of wcofds) shall certify to the 
adoption of this ordinance and cause the same to be published. 

Section 4. That if any section, subsection, sentence, clause or phrase of 
this ordinance is, for any reason, held to be unconstitutional, such deci- 
sion shall not affect the validity of the remaining portions of this or- 
dinance. The (gowmingbody) hereby declares,that it would have passed 
this ordinance, and each section, subsection, clause or bhrase thereof, ir- 
respective of the fact that any one dr more sections, subsections, 
sentences, clauses and phrases be declared unconstitutional^ * 

Section 5. That this ordinance shall be and is hereby declared to be in 
full force and effect, from aft^r (iiw ptriod) fmm this date of final 
passage and approval. 

FIGUR15 1 
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Type s of Buildi ng lodes 

The homebuilding industry is enmeshed in an extraordinary net- 
work of established building codes which attempt to assure 
that building cons true ti on wi 1 1 be safe. They generally ac- 
complish that purpose; but codes and code administration are 
criticized widely as being restrictive to home building pro- 
gress by retarding the acceptance of new and improved uses 
of materials and methods, and thereby unnecessarily increas- 
ing the costs of construction. In some instances, the adop- 
tion of improved codes has stimulated better building prac- 
tices. But the existing complex and chaotic building code 
situation is recognized as one of the probl ems f aci ng the 
homebuilding i ndus try today because of the use of "specifi- 
cation" type codes, the lack of code uniformity, the multi- 
plicity of codes, the slow response of codes to change and 
inadequate performance standards. 

Specific ation Type Code : A specification type bu^i 1 di ng code 
establishes building construction requirements by reference 
to , parti cul ar materials and methods. Many of these codes 
. are out-of-date, unrevised, and frequentLy are based on ob- 
sol ete methods . 

Per formance Type Code : A performance type of code does not 
limit the selection of methods and systems to a single type, 
but establishes the requirements of performance for building 
elements. Such a code establishes design and engineering 
criteria without reference to specific methods of construc- 
tion. Any system performing as the code requires would be 
acceptable, regardless of materials and methods used. 

The use of true performance codes in all of the communities 
of this country would be ideal but i^ impractical. Permit- 
ting the house and elements of the house to be built with 
any method as long as certain performance criteria are met 
is i deal i s ti cal ly fine ind proper by practi cably unworkabl e . 
Local code administration would haveto be in the hands of 
extraordinarily competent people equipped to interpret per- 
formance criteria and evaluate any proposed methods, uses 
or systems. 

*A workable solution lies somewhere between the pure perf or - 
memc e and the specification codes. Codes may be considered 
performance codes if they adequately provide for the accep- 
tance of alternant methods and systems. 

This suggests that the determination of performance criteria 
and judgment as to whether methods and systems do perform 
suitably must be made by technically qualified people, not 
at the local level.' The model code gro'ups are better qual- 
ified to offer this type of service at this time. The model 
code groups, supported by building officials themselves, have 
performed a great service to the homebui 1 di ng i ndus try . But 
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model codes have not fully solved the problems of code uni- 
formity. Only about one-fourth of the cities using model 
codes have adopted the model without some modification. The 
National Associ ation of Home Builders points out: "The .model 
codes are developed by qualified people and, in general, are 
up to date, but over 30% of th^e changes made 'to suit local 
conditions' come from local codes prepared 20 or (nore years 
ago". The modification of model codes by the local community 
often is influenced by self-interest groups. 



Model Codes 

To help fill the need for workable codes, four major organf- . 
zations of industry and profess ional groups and several states 
have developed building codes which may be adopted into law 
for use in local communities. The codes .pommonly are re- 
ferred to as model codes , The nationally recognized model 
codes and sponsoring organizations are given in table 1. 
These model codes have been widely accepted by local commu'n- 
ities and now are used by more'than 80% of the communities 
with a population over 10,000. The organizations which pre- 
pare model codes also provide for the con t i nuous- updat i ng 
necessary to include recommendations based on industry re- 
search and the development of new materials and methods. 



National Building Code :' The first model building .code was 
introduced in 1 905 by the National Board of Fire Underwi rt^rs , 
now known as the American Insurance Association . The organi- 
zation was concerned primarily with public protection against 
fire hazards, and this original code was'designed to guide 
communities in setting up fire safety standards. VJith sub- 
sequent additions., however, it laid the groundwork for the 
development of building codes throughout the .country"". Now 
known as the National Bui 1 di ng . Code , an abbrevi a ted edition 
also is available for communities needing a less extensive 
code. The National Building Code does not cover, tlie sub- 
jects of plumbing and wiring. 



Unifor m Building Code : In*1 927 , the International Conference 
of Building Officials (initially the Pacific Coast Building 
Officials Conference) published its Uniform Building Code. 
Since that time, the code has gained wide national acceptance, 
particularly in the West. The International Conference of 
Building Officials (ICBO) also publishes the Uniform Building 
Code Standards, Uniform Mechanical Code, Uniform Housing Code, 
Uniform Code for the Abatement of Dangerous Buildings, Uni- 
form Sign Code, Uniform Fire Code, Uniform Plumbing, and 
One- and Two-Family Dwelling Code. ' 
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TABLE 1 " MODEL CONSTRUCTION CODES AND SPONSORING ORGAHlZATIoVlS 



BUILDING CODES 

Basic Building Code 

National Building Code 
Southern Standard Building Code 
Uniform Building Code 

One- and Two- Family Dewlling Code 

ELECTRICAL CODES 

National Electrical Code 

One- And Two-Family Electrical Code 

HOUSING CODES 

Basic Housing--Property Maintenance 

Code 
Housing Code 

Southern Standard Housing Code 
Uniform Housing Code 



PLUMBING COPES 

Basic Plumbing Code 

National -Plumbing Code 
Southern Standard Plumbing Code 
Uniform Plumbing Code 

MISCELLANEOUS CODES ' 
Basic Fire Prevention Code 



Building Officials and Coifle Administrators 

International , Inc. 
American Insurance Associ cation 
Southern Building Code ConWess 
International Conference of Building 

Officials 
All of the above 



National Fire Protection Asslociation 
National Fire Protection /Association 



Building Officials and Code Administrators 
- International, Inc. 
American Public Health Association 
Southern' Building Code Congre's^ 
International Conference or Bui\d1ng 
Officials 



Building Officials and Code Admin\istratprs 

International , Inc. 
American Society of Mechanical Ln^ineers 
Southern Building Code Congress 
International Association of Plumb ling 

and Mechanical Officials 



Fire Prevention Code 
Safety Code For Mechanical 
Refrigeration 




International , Inc. 
American Insurance Association 
American Society of Heating/ fiBfrlge 

and Air-Conditioning Engineers, I 


ic. 


• 
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Southern Standard Bui lding Code: The Southern Building Code 
Conference drafted the Southern Standard Building Code in 1945. 
Now used extensively in the southern states, it was designed 
to meet special problems in that region. The Southern Build- 
ing Code Congress (SBCC) also publ i s hes * the Southern Standard 
Plumbing Code, Southern Standard Gas Code, Southern Standard 
Mechanical Code, Southern Standard Housing Code, and the^ 
On-e- and Two-Family Dwelling Code. 



Basic Buildi ng Code : The Building Officials and Code Admin- 
1 s trators~~Tnternati onal , Inc. (BOCA) developed the Basic 
Building Code in 1950. Substantially revised, the Basic 
Building Code is still widely, used, primarily in the East 
and Midwest.^ BOCA al so publ i s hes the Basic Fire Prevention 
Code, Basic Housing-property Mai ntenance Code , B^sic Plumb- 
ing Code, Basic Mechanical Code, and the One- and TwO'-Family 
Dwel 1 i ng Code . 

One- And Two-Family Dwelling Code : In 1971 the four code 
groups a"3"opted a consensus code titled the One- and Twb- 
familv Dwelling Code. This model code contains requirements 
for Dui Iding , planning and construction , including specifi- 
cations for heating, cooling and plumbing. The One- and 
Two-Family Electrical Code publ i shed by the Nattonal Fire 
Protection Association is also included in the One- and Two- 
Family Dwelling Code by reference. Publication of this single 
national model code constituted a significant step toward uni- 
form minimum regulations, but it remains for the code to be 
recognized and adopted by state and local governments. The 

National Plumbing Code, Th e Uni form PI umb^ng Code ^ Unl form 

Heating and Comfort Cooling Code, and the National Electric 
Code also have been developed to cover the special concerns 
of public health and safety as affected by plumbing, heating, 
cooling and wiring of buildings. Many local communities also 
have adopted these codes, since some of the model codes do 
.not cover these subjects. \ 



Nationa l Plumbing Code : The National PI umbi ng Code has been 
deve'loped as an American National Standard, ANSI A40. 8-1 955, 
with the cooperation of several engineering, trade and indus- 
try organizations. The purpose of the National Plumbing Code 
is to protectthe public health. The" code, therefore covers - 
the proper design, installation and maintenance of plumbing 
systems ^ased on principles of sanitation and safety, and not 
necessarily on efficiency, convenience oradequacy for good 
service or future expansion of system use . Standards for 
materials and fixtures are based largely, on other industry 
specifications such' as Commerci al Standards , Ameri can Stan- 
dards, and ASTM Specifications (American Society For Testing 
And Materi al s ) . 
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Uniform .Plumbing , Uniform Heating and Comfort Cooling Codes : 
In 1929, the Western Plumbing Officials Association established 
the first Uniform PI umbi ng Code , and since that time has added 
the Uniform Heating and Comfort Cooling Code. These codes 
h.ave been developed in the interest of public health and / 
safety and cover the design, installation and maintenance of 
plumbing, heating and air conditioning systems. Materials 
and equipment standards are based largely on other industry 
specifications and standards. These codes have gained wide- 
spread use in the western states, as well as in other com-' 
munities across the counrty. 



National Electric Code : The National Electric Code was pro- 
duced Ty"ThFlIaTT^rraT~Fi re Protection Association and has 
been adopted as an American National StandarcL ANSI Cl-1971. 
The purpose of the National ETlectric Code is to assure the 
safeguarding of persons and^ of buildings and their contents 
from hazards arising from the use of electricity fo.r light, 
heat, power and other purposes. The code contains basic 
minimum provisions for safety which, with proper mai nte- 
nance, will result in installations free from hazard, but 
not necessarily efficient, convenient or adequate for good 
service or future expansion of electrical use. The Code 
makes reference to many other industry specifications such 
as Underwriters' Laboratori^es labels and requirements. It 
is revised periodically ancf is adopted by reference into 
many bui 1 di ng codes . 



National Fire Protection Association :- The National Fire Pro- 
tec tT^rrTsTocTTtT^rrT^ in 1896 to promote 
the science and advance the methods of fire protection. NFPA 
is a non-profit educational organization which publishes and 
distributes various publications on fire s af e ty-- i ncl ud i ng 
model codes, materials standards, and recommended practices. 
These techrhdcal materials, aimed at minimizi ng losses of life 
and property by fire, are prepared by NFPA Technical Com- 
mittees andyare adopted at the annual meeting of the. Associ- 
ation. Al/are published in the National Fire Codes , a 10 
volume compilation of NFPA's official technical material. 
The National Electrical Code is a part of Volume 5. ' < 
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Using A Model Code 

Figure 2 illustrates the ef f ecti ve use of the Uniform Building 
Code. 



EFFECTIVE USE OF THE UNIFORM 
BUILDING CODE 

The following procedure may be helpful in using the Uniform Building 
Code: 

1. Classify the building: 

A. OCCUPANCY GROUP: Determine the occupancy group which 
the use of the building most nearly resembles. See the '01 sections 
of^Chapters 6 through 12. See Section 503 for buildings with 
mixed occupancies. 

B. TYPE OF CONSTRUCTION: Determine the type of construc- 
tion of the building by the building materials used and the fire re^ 
sistance.of the parts of the building: See Chapters 17 through 22. 

C. LOCATION ON PROPERTY: Determine the location -of the 
building on the site and clearances to property lines and other 
buildings from the plot plan. See Table No. 5-A and '03 sections 
of Chapters 18 through 22 for exterior wall and wall opening re- 
quirefhents based on proximity to property lines. See Section 504 
for buildings located on the same site. 

D. FLOOR AREA: Compute the floor area of the building. See 
Table No. 5-C for basic allowable floor area based on occupancy 
group and type of construction. See Section 506 for allowable in- 
creases bas^d on location on property and installation of an ap- 
proved automatic fire-extinguishing system. Sfce Section 505 (b) 
for allowable floor area of multistory buildings. 

E. HEIGHT AND NUMBER OF STORIES: Compute the height 
of the building, Section 409, from grade. Section 408, and for the 
number of stories. Section 420. See Table No. 5'D for the 
allowable height and number of stories based on*^ occupancy 
group and type of construction. See Section 507 for allowable 
story increase based on the installation of an approved automatic 
fire-extinguishing system. 

F. OCCUPANT LOAD: Computfc the occupant load of the 
building. See Section 3301 (c) and (d) and Table No, 33-A. 

2. Verify (;omp|iancc of the building with detailed occupancy 
requirements. See Chapters 6 through 12. 

3. Verify compliance of the building with detailed type of construction 
^ requirements. See Chapters 17 through 22. 

4. Verify compliance of the building with exit requirements. See 
Chapter 33. 

5. Verify compliance of the building with detailed code regulations. 
See Chapters 29 through 43, Chapters 47 through 54, and Appendix. 

6. Verify compliance of building with engineering regulations and 
requirements for materials of construction. See Chapters 23 through 

* 29. . 

FIQURS 2 ' ^ 
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Standards 

In selecting materials or determining the suitability of ma- 
terials and meth.ods, the specifier and the builder make ref- 
erence to a variety of industry standards. The preparation 
of standards may be the effort of a group of manufacturers, 
professionals or tradesmen seeking simplification and ef- 
ficiency or the assurance of a minimum level of quality. 
Standards also may be the work of a' governmental agency or 
other group interested in establishing minimum levels of 
safety and performance. Hence, standards take a variety 
of forms depending on source- and purpose . 

Some standards specify the constituents of a material, its 
physical properties and performance under stress and varying 
climatic conditions. Some may define terms, classify ma- 
terials, state thicknesses, lengths and widths. Standards 
may spell out the methods of joining separate materi al s , of 
fabricating various parts of construction, or of assembling 
systems. 

In general, construction standards have two basic objectives: 
(1) to establish levels of quality which may be recognized 
by the user, specifier, approver or buyer of a material, 
product or system; and (2) to standarize or simplify such 
variables as dimensions, varieties or other characteristics 
of specific products so as to minimize the variation in 
manufacture or use. . ' , 

Construction standards are used by manufacturers, sf>ecifiers, 
consumers, communities and others. These standards may be 
used either separately or withi'n col 1 ecti ons of standards 
such as building codes, HUD Minimum Property Standards, and 
architectural specifications. These larger works have broader 
objectives than standa»*ds ajonj. Codes are concerned basically 
with minimum acceptable sttndaTds of public health, safety 
and welfare. HUD Minimum Property Standards establish minimum 
requirements of design and construction for the insurance of 
mortgage loans. Archi'tectu«<^€hL-^eci fi cations establish re- 
quirements of materials, equipment, fipish, and workmanship , 
as desired by an architect for a particular job.. 

Many industry groups provide programs of certification in 
which materials and products are marked or labeled to indi- 
cate that they have been produced to meet particular stan- 
dards of manufacture and/or performance. Certification, 
when based on independent inspection and testing according to 
industry specifications, can provide assurance that certain 
standards have been met. Manufacturers, tradesmen and sup- 
pliers, working through trade associations and industry 
societies, provide mosf^of the active basic preparation of 
materials specifications and performance criteria. 
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Trade Assoc^Ta):!' ons : A tra.de associatian is an organi on^ of 
i ndi vi dual manufacturers or businesses engaged in the produc-' 
tion or supply--of materials and/or services of a similar nature 
A basic function of a trade associ ation is to promote the in- 
terests of its membershi p^. * Those interests generally are best 
served by the proper use>|)f the groups' materials, products 
«^ an^d services. The proper use of homebui Iding materials and 
hiethods is guided largely by the development of suitable 
levels of quality for the manufacture, use and installation 
during construction. Some of the most important activities 
of trade tassoci ati ons are directed toward research into the 
use and improvement of materials and methods, and toward 
formulating specifications and performance standards > In 
^many instances, trade associ ati ons al so sponsor programs of 
- certification in which labels, seals, or other identifiable ^ 
marks are placed on materials or products manufactured to 
particular standards, or speci f i cat i ons . 

Speci f i cBti ons-Standards : Speci fi cat i ons are clear and ac- 
curate descriptions of technical requi rements of materials, 
products or services. They may state re^iui rements for qual- 
ity and the use of materials and methods to prodii»ce a desired 
product, system, appljcation or finishv Speci f i cations be - 
come standards when they are adopted for use by £ broad / ^group 
of manufacturers , users , or speci f i ers . 

The American Plywood Association is a good example of a trade 
association active in developing standards. This association 
is supported by a large membership of manufacturers producing 
softwood plywood. The production of varidus types and grades 
of plywood requires the selection and classification of wood 
veneers . accordi ng to strength and appearance. Producing ply- 
wood from these veneers demands^ careful manufacturing control 
of such factors as moisture content and adhes i ve . ty p6 . The 
completed product, properly assembled, bonded and finished, 
must conform to a ^body of material specifications, manufac- 
turing procedures "and performance testing standards. Ply- 
wood manufacturers , through their own research and combined 
efforts within the American Plywood Association, financially 
and technically support the research and development of cri- 
teria which the association formulates into industry speci- 
fications. The written specifications become the standards 
to which members of the association agree to-produce plywood. 

The standards developed by trade associations often are 
adopted by or used as a base from which other groups, such 
as the American National Standards Institute (ANSI), may''''^^ 
develop standards* For example, industry standards may be 




promulgated as "ANSI Standards ^ 
which are often incorporated into the HUD R4;-nimum Property 
Standards or building codes. 
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certification: Trade associations and industry groups also 
may provide assurance that established standards, have been 
met in manufacture. Certification of qliality.^ay take the 
• form of grademarks, labels, or seals.' For exiimple, the 

American Plywood Association also maintains a continuing pro- 
-sp^ gram of product testing during and after manufacture with 

grade markings applied directly to the'plywood. The gKade- 
mark is a visible statement that the specif i cati ons and staji?^ 
dards of the American Plywood Association and appropriate 
Product Standard has been met. ' > 

. • ' **' ' • ■ ' ' 

American Society For Testing and Materials (ASTM)' : fhe Amer-^ 
ican Society jNorT^ ting and Materials is an i^nternational , 
privately finantre^, nan-profit, technical, scientifis and 
educational society. The objectives of the Society are "the 
promotion of knowledge of the materials of engineering, and - 
the standardization of specifications and me^thods of testing". 
Two general .categories of information and publications arfi 
available from ASTM: (1) ASTM Standards which include def - 
finitions of terms, specifications and methods of test foV 
materials and constrticti on used throughout the industry; and. 
(2) data dealing with research and testing of ^materials pub- 
lished in monthly and quaVterly journals, and "special tech- 
nical publications which cover symposia and collections of 
data. ASTM Speei f i cati on,s are designated by the initials 
ASTM, followed by a code number and the year of last rfe- 
vision. For example, ASTM C55-66T is the ASTM tentative 
specification for "Concrete Building Brick" as last revised 
in 1966. ■ 

American National Standards" In^ti'tute (ANSI.) : The American 
National Standards Institute is the name adopted by the United' 
States of America ^Standards Institute (USASI) in October 1969. 
USASI was created in 1966 by the complete reorganization of 
the earlier standards organization, the American Standards 
Association (ASA). This restructuring provided for a Member 
Body Council, a Company Member Council and a Consumer Council. - 

The Member Body Counci 1 , comprised of approxihiately 140 na- 
tional trade, professional and scientific associations, is 
responsible f ors establ i shi ng and maintaining procedures for . 
tjie approval of standards as American National Standards. 
The Company Member Council consists of several hundred "in- 
dustrial firms and representatives of labor and government. 
The , Compcfny Member Council and the Consumer Council provide 
membership on the -Board of Directors and work closely with 
the Member Body Council in recommending areas- of standard- 
ization deemed ^ssenti al , and in reviewing standards. 

AR^SI is privately financed, its financial support being de- 
rived from voluntary membership dues and from the sale of 
the published American National Standards. These are na- 
tional standards arrived at by common consent", are available 
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for voluntary use, and often are incorporated in regulations 
and codes. The ANSI does not f ormul ate standards itself , 
but rather acts as the national coordinating institute 
voluntary standardization and promotes knowledge and 
voluntary, use of standards. « 



for 



An American National Standard is designated by code number and 
date of last revision. For examplej ANSI A12. 1-1967 covers 
"Safety Requirements for Floor and Wall Openings', Railings 
and Toe Boards", which was originally adopted by ASA in 1932, 
later revised in 1967, and became an American National Stan- 
dard upon adoption in 1979. 

Under writers' Laboratories,. Inc. (UL) : Underwri ters ' Lab- 
oratories, Inc. 1s chartered as a nonprofit organization to 
establish, maintain and operate laboratories for the exam- 
ination and testing of devices, systems and materials. The 
main o>bjectives of UL are: (1) "to determine the relation 
of various materi.als, devices, constitucti ons , and mefhods to 
life, fire, and casualty hazards"; (2^ "to . ascerta i n , define 
and publish Standards, Classifications, and Specifications 
for material s,, devices., construction, and methods affecting 
such hazards"; and (3) to provide "other information tending 
to reduce and prevenfl oss of life and property from fire, 
crime, and casualty". 

UL also contracts with manufacturers and other parties "for 
the examination, cl ass i fcati on , testing, and ijispeiction of 
buildings, materials, devices, and methods wi"th reference 
to life, fire, and casualty hazards "..« Fi ndi ngs are 
lated by various publications to insurance organizations, 
other interested parties and to the public. The UL also 
contracts to provide product certif i ca>fon by 
certi f ideates - • - 
materials, devices, and products 



ca>fon by attaching 
or labels to examined, tested or inspected 



was 



The Underwriters' Laboratories, Inc. originally 
in 1894 and was subsidized by the stock insurance 
Before the turn of the century, as new electrical 
pr'oducts came rapidly into the market, it begame 
to test an.d inspect them to in°sure public safety, 
tional Board of Fire Underwriters (now the Ameri 
Association) organized and sponsored Underwriters 
tories. Inc. to meet this demand. UL became self- 
inaboutl916.Q, 



can 



formed 
compan i es . 
d^evice and 
njecess ary 
The Na- 

Insurance 
Labora- 
supporti ng 



To sustain the testing program, UL contracts wi th the product 
submittor for testing, report and listing of devices, systems 
or materials on a timfe and material basis.- The co$t of the 
inspection service is provided for either by an anrtual fee 
or by service charges for labels, depending on the type of 
service. Materials- and products carrying UL labels and cer- 
tificates must .meet published standards of performance and . 
manufacture and are subjected to UL inspection during manufac- 
ture. 
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Although primarily interested in public safety, UL*s policy 
is to list and label only products which perform their inten- 
ded function. If a product does not perform with reasonable 
efficiency, even though it may be per'fectly safe, it does 
not quality for the UL^label'. 

Underwriters' Labora tori es , I nc . Standards are designated by 
the initials UL, followed by a code number. No date of last 
revision is indicated by the number. For example, UL55B covers 
"Class 'C Asphalt Organic-Felt Sheet Roofing and Shingles" 
and was last revised in 1962. 



I MPEDIMENTS TO SOLAR SYSTEMS 
Solar ^System Hazards 

The principal hazards to health and safety from solar energy 
systems are derived from the risk of leakage, fire, or ex- 
plosion (due to^ damage from high temperatures , press ur^-S , 
corrosion, other component failure, op impact) and the risk 
of human contact with hot surfaces or br'oken glazing. There 
is also some risk of contamination of drinking water with 
toxic coolants if plumbing is not properly done. And there 
are potential structural problems from high winds or snow 
loads if collectors are not strong enough. 

Impediments Imppsed By Codes 

Building codes, specifically applicable to hot water and 
space heating, air conditioning, and electrical equipment, 
seldom contain provisions covering onsite solar systems.' 
Under the major model codes a "heating appliance" is pres- 
ently defined as a device that genera tes heat frojn solid, 
liquid, or gaseous fuels, or with electricity. Solar 
sources are not mentioned, nor are they included in the 
definitions of ventilating or cooling appliances. 

For most kinds of construction materials and equipment, 
nationally recognized standards, test methods, and testing 
agencies are specified in the codes. Two examples are the 
Underwriters Laboratories, Inc., for elactrical equipment, 
and the American Gas Association, for gas equipment. For 
solar energy systems-^ . such nationally recognized standards, 
test methods, and listing agencies do not exist. 

A difficulty encountered with any new technol ogy , and par- 
ticularly one involving as many small and inexperienced 
manufacturers -as in the current solar energy industry, is 
that it is necessary that standard testing procedures be 
developed rapidly, and in step with the development of each 
type of technology. It is also necessary, however, that 
these standards be reviewed constantly so that new and dif-. 
ferent design approaches are not i nadvertently ruled unac- 
ceptable. 
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Under the model cades , heat i ng , ventilating, and cooling ap- 
pliances must be approved by building officials or carry the 
label of an approved testing agency or laboratory. There is 
n-o agency to certify compliance and attach labels to solar 
equipment, nor is there a nationally recognized set of stan- 
dards on which to base compliance. 

Sola/ heating systems are therefore at a potential disadvantage 
as cWpared to conventional systems, which can be approved for 
i ns taSLl ati on with a simple showing of a label. 

While the lack of standards may be the most important building- 
code problem for solar systems, there are other possible im- 
pediments. Limitations on the overhang of roofs and awnings, 
for example, may thwarrt some passive solar designs. 

Unr'eall s ti cal ly^ hi gh demands (/n solar heat i ng systems for 
buildings may result from high minimum temperature require- 
ments (720F under the ICBQ code's standards) and from large 
minimum ventilation and light requirements for windows in 
the model codes . ^, * 

Limitations on residential bui 1 di ng hei ghts that may preclude 
roof collectors, chimney and plumbing clearances, application 
of new standards to old /buildings in retrofit stiuations, 
roof slope requirements, and implied prohibitions against 
using solar collectors as integral parts of a structure's 
roof or wal 1 s . 

Standards for prefabricated assemblies may result in costl 
tests to demonstrate weather resistance. 

Impediments Imposed by Building Officials 

A structural component that is unique to solar systems is 
the collector. Solar collectors are not dealt with. by pre- 
sent building codes. Once heat is collected or electricity 
is generated, it is transported away, stored, and utilized^ 
by means that have been long used in convetiti onal energy - 
systems. Pipes, ductis, valves; storage tanks, controls, 
wiring, storage batteries, etc., are already provided for, 
even though their^use may be novels. 

Alternative materials, equipment, or methods must be shown, 
to the bui^lding officials* satisfaction, to be at least the 
equivalent of that prescribed in the codes in strength, ^ 
fire resistance, durability, quality, effectiveness, and 
safety. Demonstrating that these six criteria have been met 
may be difficult. Building officials may require testing, at 
the applicants' expense, by approved testing officials (chosen 
by the building officials) using approved test methods (chosen 
by the building officials unless methods are specifically pro- 
vided for in the code). 
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The effect of the administrative provisions is to give build- 
ing officials discretion that may result in market fragmen- 
tation, delay, additional expense, and uncertainty in the 
processing of perm it. applications. 



Overcom ing The Impediments 

Revis ion s To Codes : The ideal solution to potential building v 
code problems would ble nat.ionally recognized standards and 
testing procedures for the various kinds of solctif energy 
syst^^ms^ ahd nationally recognized accrediation fefencies to 
certify compl iance with these st-andards and to grant listings. 
These standards formaterials, equipment, and installation 
would be adopted by reference in all local and state building 
codes, and listing would be accepted as sufficient proof of 
code approval if the equipment were installed in compliance 
with the conditions given in the listing. Equipment stan- 
dards must include both performance standards and test methods 
f or col 1 ectors , storage, and whole systems. 

Gov er nment Acti on : A federal solar building code or federally 
mandated standards would probably be constitutional, but un- 
necessary. Federal assi stance' i n coordinating and certifying 
state solar building code programs would be beneficial, however. 
A variety of ^tate approaches should be acceptable so long as 
the variations in code requirements are based on state and 
local conditions and do not unreasonably burden interstate 
commerce in solar equipment. . 

States could write statewide mandatory codes that would revise 
building codes to remove tha proble.m provisions or exempt solar 
systems from application of particular provisions so long as 
the requirements of safety, health, and structural strength 
are met. States will of course want to test for matters 
bearing on these requirements. If the standards and test 
methods are reasonably consistent, predictable, and not un- 
reasonably costly, the federal government should permit the 
states'to require them. 

An alternative would be federal legislation requiring states 
to set their own standards and revise their bui 1 di ng codes by 
a specified date, or have federally determined standards and 
codes set for them. This could be a fast solution, but may 
result in enough 1 ocal vari ati on in solar energ^y systems to 
prove a burden on interstate commerce. 

Or the federal government may want to support an effort to 
revise the model codes to remove impediments to the effective 
use of solar energy.. This could be done by the major model 
code groups. Federal 1 egi si ati on could make such a program 
mandatory nationwide, or could make adoption by the states 
voluntary, but with incentives to make state adoption likely. 
The great advantage of the first option is that it would 
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quickly result in nearly unifoi^m nationwide standards. The' 
federal enactment of even a national solar building code, 
although unprecedented, would certainly be sustained by the 
courts as within the broad powers of Congress to regulate 
commerce. Opposition to such precedent-setting legislation 
might be overwhelming. 

Certi f i cati on : There might be private, state, or federal cer- 
tification of solar equipment. In this country, certification 
has traditionally been a private-sector function of test labs 
such as- Underwri/ters ' Laboratories. State cert i fi cat i on for 
ratings based on thermal performance of collectors is being 
done in Florida/ California, and other states. Early ex- 
perience with federal certification of systems for the HUD 
demonstration program proved unsatisfactory because of Tengthy 
delays, however, and that experience may lead to opposition to 
any federal certification program.. Sel f -cejt i f i ca t i on by - 
manufacturers, provided there is some mechanism for assuring 
that it is done honestly, should be adequate for removing the 
code burden, provided the state will accept that as equivalent 
to code approval . 

Buil ding Official s : Imped i men ts due to testing and approval 
procedures and other various requi rements have not been re- 
ported as a practical problem for solar equipment users so 
far. It is passible that building officiaTs will continue 
to look upon solar systems in a friendly way, and never apjply 
the codes to them in the manner that the cod.es call for. It 
seems more likely that as solar systems gain popularity there 
will be .some labor unions and manufacturers of particular types 
of systems who would benefit if current codes are "Enforced, 
and who would thus lobby for their strict application. If 
opposing- forces organize before building ,codes are modified 
to accommodate solar equipment, it may be. much more difficult 
to change the codes. 

As an interim measure. State certification can provide local 
building of f i ci al s 'Wi th guidelines until a national testing 
and certification program can be put in place. Some states 
may wish to go beyond furnishing guidelines* and can write 
laws that require local building officials to approve solar 
equipment that meets State standards and is certified by 
State agencies. 



S OLAR ENERGY BUILDING CODES AND STANDARDS 

M odel Document For Code Officials - 

During June 1980, a model document for code officials on solar 
heating and cooling of buildings was issued. Entitled Recom - 
mended Requi rements- to Code Officials for Sol ar Heating , Cool i ng 
and Hot Water Sys terns , the document represents recommended re- 
quirements sponsored by the Council* fo American Building Of- 
ficials (CABO) under the auspices of the American National 
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Standards ' Insti tute (ANSI). CABO is a cooperative effort of 
the thr^e model code organizations (Building Officials and 
Code Administrators International, International Conference 
of Building Officials, and Southern Building Code Congress 
International) to achieve uniformity in regulations, inter- 
pretation and product approval, and to represent building 
officials at the national level. The recommended require- 
ments were developed using ANSI approved CABO consensus pro- 
cedures, thereby assuring technically competent committees 
with balanced representation.- It is a product of unprece- 
dented joint effort by representatives of industry, labor," 
consumers, home builders, code of f i cial s , governors, mayors, 
county executives and ci ty managers . It shoul.d be a useful 
.referenc^e source for local officials seeking to amend local 
building codes to accomodate solar energy systems. 

The purpose of the recommended requirements is to provide 
for reasonable protection of the public health and safety, 
while at the same time encouraging consumers, builders, 
designers, manufacturers, installers and others to utilize 
solar energy technologies while permitting experimentation 
and innovation. 

These recommended- requi rements include provisions for elec- 
trical, building, mechanical arid plumbing installations for 
active and passive solar energy systems used for space or, 
process heating and cooling, and domestic water heating. 
Durability, life expectancy and related requirements of these 
systems are noto addressed . Although installations may comply 
with these recommended requirements, there is no represen- 
tation that the solar system will be efficient or cost ef- 
fective. 

These recommended requirements are not intended to be complete 
in themselves.. In order to encourage uniform and consistent 
application, they provide: 

1. References to relevant existing code provisions, and 

2. New provisions to be considered for incorporation into 
exi sting codes . 

These recommended requirements are multi-purpose in nature and 
will be of interest to all segments of the building community: 

1. The code enforcement official will use them as a reliable 
reference guide for reviewing and approvi ng sol ar energy 
installations. 

2. The design professional, builder, manufacturer, supplier, 
and installer will have a means for determining the para- 
meters under which components and systems will be judged. 

3. The standard and code writing organization will have a 
means f or ■ i denti fyi ng problems, setting priorities, and 
updating documents to.provide for solar energy sytems. 
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4. The consumer, environmental organi jj^ti on , and consumer 
protection agency will use them to foster better public 
understanding of the ways in which public health and 
safety can be protected when utilizing solar energy 
systems. 



Solar t n ergy Code For Plumbing 

A Uniform Solar Energy Code developed by the International 
Association of Plumbing and Mechanical Officials (lAPMO) was 
adopted at the forty-ninth annual conference during September, 
1978. The code provides for ordinance adoption, a schedule 
of permit fees, and provisions that apply to the erection, 
installation, alteration, addition, repair, relocation, re- 
placement, maintenance or use of any solar system as minimum 
requirements and standards for the protection of the public 
health, safety, and welfare. Provisions of the code are 
limited to those areas applicable to installation and main- 
tenance of plumbing systems based on principles of sanitation 
and safety. 

• 

Code Manual For Passive Solar Design 

A reference manual for single family residential construction 
was issued in 1979 under the auspices of the Southern Solar 
Energy Center, one of four regional centers established by 
the Department of Energy to help industry commercialize 
economically viable solar applications. One of the Center*s 
most important missions is to work with the building comr 
munity to promote energy ef f i ci eht/sol ar building construc- 
tion, and to remove barriers to solar use. This reference 
manual represents an effort to give builders within the, region 
a practical tool to clarify the impact of building and energy 
codes on passive residential designs. 

Building codes and their enforcement have a profound, and for 
the most part, beneficial effect on the quality and safety- of 
homes. However, certain code regul a ti ons may unintentionally 
conflict with passive designs, which were not envisioned when 
the laws were created. As jKissive solar use gains wider ac- 
ceptance, these confl ictswi 1 1 become more evident. The ref- 
erence manual identifies problems, thereby warning designers 
and builders of potential conflicts, while helping code of- 
ficials and legislative groups to understand and give consid- 
eration to special passive solar designs. The in format ion con- 
tained within the guide is to be updated periodically to keep 
builders informed of the latest changes in regulations and codes 

The workbook is divided into three parts. Part I contains 
general i nf orma t i on on types of passive solar techniques and 
a method for estimating passive solar performance. Part II 
contains descriptions of the important codes and standards 
^^that are later referenced in Part III of the workbook. Each 
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of the code descriptions lists the items in the cocle which ^ 
could have a potential impact on a passive solar design and 
concludes with an overall analysis of the effect the code^ 
has on the use of such techniques. Part III contains sum- 
maries of state and local codes and code agencies. Included 
is a synopsis of statements made by the building official 
about the use of passive- solar -in his jurisdiction and de- 
scriptions of any related programs (such as those of utility 
companies). The last entry gives, briefly, the stated re- 
quirements to file for a building permit. 

Performance Criteria for Commercial Building Solar Energy 
Systems 

Interim Performance Cri teri a For Sol ar Heat i ng And Cool i ng 
Systems I n Commerci al Buildings , a document prepared by the 
National Bureau of Standards, was issued during November, 1976. 
Intended primarily for use in the solar demonstration program, 
the performance criteria, however, were prepared such that 
evolution into definitive performance^ cri teri a useful in the 
development of provisions for model and local building codes 
as well as Federal speci f i cati eJns woul d be. possible. 

Objectives : The interim criteria have the following objectives 

1. To provide designers, manufacturers and evaluators with 
the technical performance criteria that will be used for 
the commerical solar heating and cooling demonstration 
program. 

2. To establish technical performance levels that will be 
used for the eval uati on and procurement of systems, sub- 
systems and components for the commercial solar heating 
and cooling demonstration program. 

3. To provide a basis for the devel opmen t of more definitive 
performance criteria at a later date. 

Scope : The interim performance criteria given for hardware 
related items including space heating systems, hot water 
systems, space cooling systems, or combinations thereof, 
and their various subsystems , components, and materials are 
intended to: 

1. Establish minimum levels for health and safety that are 
^ consistent with those presently established for conven- 
tional systems used in commercjal applications. 

2. Ensu^ that the proposed heating, cooling, and hot water 
systems, or combinations thereof, are capable of provid- 
ing levels of performance consistent with those provided 
by conventional systems used in commercial applications. ^ 

3. Verify that proposed systems, subsystems, and components 
are capable of provi di ng thei r design performance 1 evel s. 
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4. Ascertain that the systems, subsystems, and components 

are durable, relaible, readily mai ntai nabl e and generally 
constructed in accordance with good engineering practice. 

The interim performance criteria are intended to be flexible 
in order to allow freedom of design and encourage innovation 
in keeping with the intent of Public Law 93-409, The Solar 
Heating and Cooling Demons trati on , Act of 1 974.. 




Stand a rd For Energy Conservation In New Building Design 

ASHRAE Standard 90-75 , issued by The Ameri can • Soci ety of 
Heating, Refrigerating, and Air-Condi ti oni ng Engineers^ Inc., 
is the first national technical standard aimed specifically 
at reducing energy consumption in buildings. It prescribes 
performance levels for individual building components, but 
has provisions for evaluation of alternate designs. As such, 
it provides the technical basis for subsequent legal models. 

Standard .Method For Measuring Solar-Optical Properties Of 
Materi al s • 

ASHR A E Standard 74-73 was issued as a standard method of 
measuring and reporting the Solar-Optical properties of ma- 
terials. The standard includes consideration of the direc- 
tion and nature of the direct, diffuse, and reflected radiant 
energy incident on the sample of material; limits the wave- 
length range to 0.3 to 3.0 micorns, with a spectral distri- 
bution equiva^nt to the solar spectrum at a specified air 
mass; and specifies equipment and procedures for determining 
the transmitting, reflecting, and absorb ing ch.aracteri s ti cs 
of the sample as measured. This standard provides the tech- 
nical basis for considerations in both passive designs and 
jother solar collecting devices and systems. 



:> tandard Methods of Testing To Determine The Thermal Per - 
formance of Solar Collectors 

ASHRA E Standard 93-77 , (ANSI Bl 98 . 1 -1 977 ) , was issued in 1977 
as a test procedure whereby solar energy collectors can be 
tested both indoors, and outdoors, rated in accordance with 
their thermal performance, and provide means for determining 
the time constant and the variation of collector efficiency 
with changes in the angle of indidence between the sun's 
direct rays and the normal to the collector aperture. Pro- 
visions for testing both concentrating and flat-plate collec- 
tors in which a fluid enters the collector through a sinlle 
inlet and leaves the collector through a single o'utlet ai»e 
included. The heat transfer fluid may be either a liquid or 
a gas, but not a mixutre of the two phases. This standard 
is not applicable to those collectors in which the thermal 
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Storage unit is an integral part of the collector to such an 
extent that the collection process and the storage process 
cannot be separated for the purpose of making measurements 
of these two processes (i.e., passive units would normally 
not be covered ) . 



Standard Methods of Testing Thermal Storage Devices Based On 
Thermal" Performance 

ASHRA^ Standard 94-77 (ANSI B199. 1-1977) was issued in 1977 
as a qompl ementi ng test method to ASHRAE Standard 93-77, the 
purposte being to provide a standard procedure for determing 
the thermal performance of thermal energy storage devices 
used "In heating, air conditioning, and service hot water. 
This ^tandard applies to sensible heat and latent heat- type 
thermal energy storage devices in vyhich a transfer fluid 
enters the device through a single inlet and leaves the de- 
vice through a single outlet. The standard is not applicable 
to those configurations in which there is simultaneous flow 
into the storage device through more than one inlet and/or 
simultaneous flow out of the storage device through more than 
one outlet. The transfer fluid can be either a gas or a 
liquid or a mixture of the two. The standard does not in- 
clude factors relating to cost, life, r^laibility, or the 
consideration of requi rements f or interfacing with specific 
heating and cooling systems. 

Certification And Accreditation 

As of mid-1979, the matter of who will run a program to test, 
rate, /and certify solar equipment and systems and who will 
accre/it laboratories capable of doing the tests was still 
an open question. A number of organi zati ons , however, were 
addressing the issue: 

ARI Foundation : Working through the National Bureau of Stan- 
dards,^ the ARI Foundation, Inc. (ARIF)-i a subsidiary of the 
Air-Condi tioning and Refrigeration Institute, developed cri- 
teria for evaluating tes t i ng 1 abora tor i es and identified 
those laboratories deemed qualified to test collectors ac- 
cording to ASHRAEoStandard 93-97* ARIF also came up with a 
blueprint for a cert i fi cat i on program and has since launched 
such an undertaking open to manufacturers. 

Solar Energy Research and Education Foundation : Through a . 
contract with the Department of Energy, the Solar Energy Re- 
Search and Education Foundation (SEREF), a sister organiza- 
tion of the So>aV Energy Industri es Associ atron , has been 
developing a solar collector rating, certification, and 
labeling program which Is designed to be combined with a 
la^boratory accreditation program. . 

Moreover, both Florida and California have their own programs 
funct^ioning and the National Bureau of Standards is assisting 



the Department of Energy and HUD in applyirvg for a National 
Voluntary Laboratory Accreditation Program for solar col- 
lectors. This latter program is viewed as a possible per-^ 
manent mechanism for accredi ti ng 1 abora tori es that test scalar 
equipment. ■ . 

HUD MINIMUM PROPERTY STANDARDS 

The National Housing Act, enacted by Congress in 1934^nd 
amended from time to time, created the Federal Housvffg Ad- 
ministration (FHA) to stimulate home construction by insuring 
mortgage loans. The functions of this agency were transferred 
by Congress in 1965 to the newly created Department of Housing 
and Urban Development (HUD) and FHA became part of this larger 
cabinet-level department . The overal 1 pur pose of HUD is to 
assist in th=e sound development of the nation * s communi ties 
and metropolitan areas. Encouragement of housing production 
through mortgage i nsurance and various subsidies has been one 
of hud's chief objectives. Improvement in housing quality and 
-in land planning standards has been another HUD objective man- 
dated by Congress . 

Not all housing programs authori zed by Congress involve mort- 
gage .1 nsurance . Prior to 1973, FHA-;nsured private housing 
had to conform to the FHA Minimum Property Standards, while 
subsidized public housing was regulated by a different ^et 
of standards. With the adoption in that year of the HUD 
Minimum Property Standards (MPS), uniform standards b-ecame 
applicable to all HUD housing programs. The MPS are intended 
toprovide a sound technical basis for the planning and de- 
sign of housing under the numerous programs of HUD. The \ 
standards describe those characteristics in a. property which 
will provide present and continuing utility, durability, 
desirability, economy of maintenance, and a safe and health- 
ful environment. / 

Environmental quality is considered throughout the MPS. As 
a general policy, development of all properti esmus t be con- 
sistent with the national program for 'conservati^Ts^f energy 
and* other natural resour*ces. Care must be exerci seo^ to avoid 
air, water, land and noise pollution and other hazards to the 
env i ronmen t . ' ^ ' 

The Standards ^ 

Mandatory : The Minimum Property Standards consist of three 
volumes of. mandatory standards-- 

1. MPS for One- and Two-Family Dwellings, HUD 4900.1; 

2. MPS for Multifamily Housing, HUD 4910.1; 

3. MPS for Care-Type Housing, HUD 4920.1. / 

Variations and e-xceptions for seasonal homes i n tended for 
other than year-round occupancy are lisj;ed in HUD 4900.1. 
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Advisory : A fourth volume, the MPS Manual of Acceptable 
Practices, HUD 4930.1, contains advisory and illustrative 
material for the three volumes of mandatory standards. Where 
no specific level of performance is stated in the, standards , 
the Manual of Acceptable Practices may be used to determine 
acceptance or equivalence. This manual is not an additional 
standard, but is intended to provide information and data rep- 
resenting good current practice in residential design and 
construction technology. 

Local Codes And Regulations 

Standards As Codes : The Minimum Property Standards are not 
intended to serve as a building code. Such codes are pri- 
marily concerned with factors of health and safety and not 
the many other aspects of design and use which are included 
in the MPS as essential for continued aoe^ptance by the oc- 
cupants. Where the local code, regulation or requirement 
permits lower standards than MPS requirements, the MPS re- 
quirements apply for FHA-insured loan qualification. In 
the event the local code, regulation or requirement pre- 
cludes compliance with MPS, the property may be ineligible 
unless the intent set forth, in the MPS is fully attained by 
the alternate means proposed. • 

Compliance With Codes : The minimum standards shall not be 
construed as relieving the builder of his responsibility for 
compliance with local ordinances, codes and regulations in- 
cluding established requirements of a health authority having 
jurisdiction. HUD does not assume responsibility for en- 
. forcing or determining compl i ance with local codes and regu- 
lations or make interpretations regarding their application 
in any specific instance. 

Intermediate Property Standards For Solar Systems 

f ' ' * ' 

The matter of sufficient supplies of energy for the United 
States is one of our greatest concerns. The diminishing sup- 
ply of conventional energy resourfces has made the development 
of new energy resources imperative. In response to these*^ 
problems, HUD i.n i t i ated its first Intermediate Minimum Prop- 
erty Standards for Solar Heating and Domestic Hot Water Systems 
HUD 4930.2, in 1977. As new technology is developed this stan- 
dard will be updated and improved to include the most recent 
reliable information available. 

The Intermediate Minimum Property Standards for Solar Heating 
and Domestic Hot Water Systems were prepared as a supplement 
to the mandatory Minimum Property Standards a^nd deal only 
with the aspects of planning and design that are different 
from conventional housing by reason of the solar systems under 
consideration. In general, the solar supplement document 
chapters and divisions are organized to parallel the chapters 
and divisions contained in the Minimum Property Standards. 
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Appi i cation : The solar components must pnovide for the col- 
lection of solar energy, conversion of the solar energy to 
thermal energy, and distribution, storage and Control of the 
thermal energy so obtained. Insofar as applicable, these 
standards apply to active and pas s i ve ^ sol ar energy systems 
that utilize building elements, mechanical subsystems, or 
combinations thereof. 

Variations To Standards : Tlie solar supplement standards are 
intended to encourage the use of new or innovative designs, 
technologies, methods or materials in solar applications* 
These features include designs, methods of construction, 
systems, subsystems, components^ materials and processes 
vyhich do not comply with the MPS and the solar supplement, 
and whose acceptance cannot be determined by other provisions 
of the standards. Alternatives, .nonconvneti onal or innovative 
designs, methods, and materials shall demonstrate, however, 
equivalent quality to the standards in operating effective- 
ness, structural soundness, durability, economy of mainte- 
nance or operati on , and usability* Provisions for variations 
to standaysds are proyided in the document. 



WARRANTIES 

ir 

Sales contracts for sach things as mechanical devices, elec- 
trical appliances, and automobi 1 es^usual Ty include statements 
known as warranti es or guarantees . These statements are pro- 
mises made by the seller oK manufacturer assuring the pur- 
chaser of satisfaction in the use of the merchandise. A 
Warranty, as the word is used here, is some undertaking of 
the seller with respect' to the goods he sells. The seller 
may never use the^word "warranty", but never'thel ess find him- 
self answerabl e 'i n damages to the buyer for a breach of war- 
ranty. But this has not always been the law. The courts, in 
the early hisotry of the law of sales, rigidly applied the 
maxim caveat emptor -- let the buyer beware. The duty, there- 
fore, was imposed on the buyer to examine the article he was 
buying and act on him own judgement and at his own risk. The 
emphasis today is placed on the maxim caveat vendi tor -- let 
the seller beware. This does not mean that the seller is 
liable merely because the buyer is disappointed with his bar- 
gain. It does mean the seller is liable for his express war- 
ranties and the warranties implied by law. It is well to 
keef>^ in mind, however, that a warranty is part of the con- 
tract. It now remains to discuss: 

1. The express warranty; 

2. The implied warrantsV of quality;' 

3. Exclusion of Warranties; - . 

4. Product liability; 

5. The Warranty Act; 

6. Warranties and Solar Energy Systems. 
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The Express Warranty 

Aff irm.a^tion Or Promise : An express warranty need not be in 
any special form nor is it necessary to use the word "warranty" 
or any word of similar import. Any affirmation of fact or 
any prom.i se -by the .seller relating to the goods is an express 
warranty if the natural tendency of such affirmation or pro- 
mise is to induce the buyer to purchase the gbods. State- 
ments, however/ which are the opinion or the belief only of 
the seller, commortly referred to as "sales talk" or "puffing", 
are permissible in the law of sales. The 1 egal di s ti ncti on 
between sales talk -and a warranty is often said to be the 
distinction between a statement of opinion and a statement 
of fact. It is to be realized, however, that any false state- 
ment in regard to the basis of value, such as the book value 
of the goods or the past income of the property, may amount 
to a' false representation. The distinction between a state-, 
menrt of opinion and a .statement of fact and those s tatements 
which, amounting to false representations with intent^o de- 
fraud, give rise to a remedy in tort for fraud and dec^t. 

Statements of opinioh i ncl ude ^words of commendation or praise, 
such as "valuable" or "the best product on the market", which 
are in their nature dependent on individual opinion, but state- 
ments of fact generally include words that are capable of proof 
_or disproof, such as "this dress is 100% wool". * 

, It should be pointed out that if the actual information of the 
buyer is by him known to be equal or superior to that of the 
seller, reliance on the statement of the seller is not justi- 
fied. The factual situations of the particular case are de- 
cisive as to whether or not the seller has made an express 
warranty because, in the final analysis, it is the natural 
consequence of what the seller says and the re^liance thereon 
of the buyer that are important in determining whether or not 
the seller has made an express warranty. 



Sale By Sample, Model, Or Description : Section 2-313 of the 
Warranty Act provides that an express warranty may be created 
in a sale by sample, model or description. A sale' by sample 
is created when the seller actually draws a sample from the 
bulk of the goods. A sale by model is created when the seller 
offers a model for inspection when the goods are not readily 
available. The whole of the goods, however, must conform to 
the sample or model. A sale by description may be made by 
patent name, trade name , bl uepri nlis , or the like. The mere 
exhibition of a sample or model or the use of trade names does 
not of itself create a warranty. Any of these factors, however, 
will create an express warranty if made a part of the basis 
of the bargin. If the warranty is made after the sale--as 
where the buyer is taking del i very-- the warranty need not be 
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supported by consideration since it is a modification. Irre- 
spective of the tjm^'when the warranty is made, it is always 
a question, of fact whether the language, samples, or motlels 
are to-be regarded as a warranty, it may be that recovery will 
be allowed on an implied warranty. 

The I mplied Warranty Of Quality . . 

There are two implied warranties of quality, the warranties of 
merchantability and fitness for a particular purpose. These 
warranties; however, are not necessarily the orfly implied war- 
ranties. Other implied warran t i es- may arise from a course of 
dealing or usage qf trade. 



Warranty Of Merchantability : Section 2-314 of the Warr.anty Act, 
which is restricted to merchants, defines the term "merchanta- 
bility" in detail. The. term, broa^dly stated, means that thd 
goods are of fair average quality or that they will pass in the 
trade without ob j ect i on . " » The Code expressly provides that the 
merchant-seller impliedly warrants that the goods are fit for 
the ordinary purpose for which they are used. This provision 
differs from th^ "fitness for particular purpose" warranty^* 
For example, shoes are generally used for/the purpose of walking 
upon ordinary ground. A seller, hoWever,fmay or may not know 
that a^ particular pair was selected to be used^ for climbing 
mountains. The seller also warrants that the goods are ade- 
quately contained, packagexl, and labeled if the nature of the* 
goods and of the transaction require a certain type of con- 
tainer, package, or label and that the goods conform to the- 
representations made on the label or container. As for the * 
requirement that the container be adequcite, suppose Brown 
purchases fruit juice contained in a glass bottle, and, upon 
drinking the juice, is injured because of chipped glass. He. 
could recover for breach of warranty of merchantability evenV 
though the fruit juice itself is wholesome. It i s'^ expressly 
provided that the serving oT food or drink to be consumed on 
premises or elsewhere is a sale. The warranty of mexchanta*^ 
bility, therefore , 1 ncl udes the serving ofVood-or orink. Itf 
is general ly -held , however, that such things as an occ§is1onal 
clam shell in clam chowder are not foreign to the pro'duct knd. 
are to be expect-ed. 
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Warran tx Of Fitness For A Parti cul ar ^ Purpose : 



commonly referred to as a. warranty of 
wanty that the goods will prove fit for 
they are purchased. This warran ty^wi 1 1 



_ This warranty-- 

sui tabi 1 i ty--i s a war- 
the purpose for which 
be impl i ed whether 



the seller is or is not ^a merchant i'^f the buyer: 

Expressly or impliedly makes known to^the seller t;he^ 
particular purpose'for which the goods are wanted, 'and 

ReK^^es -^upon the skill and judgment of the seller in the 
selection of the goods. 
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Both of these requirements are essential. The first element 
may be satisfied where the seller is apprised of the purpose 
of the buyer from the very nature of the transaction. The 
seller obviously knows that a fur coat is bought to be worn 
as a garment. The buyer, hov^ever, must make a particular pur- 
pose known to the seller if a special or unusual purpose is 
intended. A buyer who wants to purchase a pair of shoes for 
the particular purpose of climbing mountains, therefore, must 
make that purpose known to the seller. 

The sale of goods today is accomplished to a great extent" by 
the use of trade names- Designation of an article by its 
trade name, however, is onlyoneof the facts to be considered. 
The implied warranty of fitness applies, therefore, where the 
seller recommends an article having a trade name as being 
suita^ble for the particular purpose stated by the buyer. But 
it must appear that the buyer did not order the article by its 
trade name. The buyer who insists on a particular brand or 
trade name would not be relying on the skill and judgment of 
the seller. The buyer would be relying on the reputation of 
the branded article rather^ than upon the judgment of the se]ler 
The test, whether the goods are purchased by trade names or 
otherwise, is whether or not the necessary facts are proved 
by showing knowledge of the seller of the particular purpose 
of the buyer and the required reliance by the buyer on the 
superior skill and judgment of the seller. 



Exclusion Of Warran ti e.s 

The parties may desire some parti cul ar ki nd of warranty or* 
they may des.ire to eliminate the warranties provided for by 
the Code (the FTC promulgation of the Warranty Act). This 
they may generally do. But it should be pointed out that if 
the parties desire any particular warranty or desire to ex- 
clude warranties, language should be used which clearly ex- 
pre^^ses their .intention. 

Express Warranty : An express warranty may be excluded, and 
an.. express,.warran ty aind a disclaimer will be constructed as 
consistent with each other wherever reasonable. An agree- 
ment cdfttaining an express warranty and a clause disclaiming 
the express warranty, however, con ta ins inconsistent clauses. 
Suppose the sublpct matteroT the sales contract is "Grand- 
mother's Brand fork and Beans'", and the contract includes a 
^1 ause which' di^s^l aims "all express warranti es " Thi s lan- 
uage, contains an express warranty that the goods will con- 
orm to the description and a clause disclaiming the express 
warranty .; The seller should not be able to perform by de- 
livering another brand of pork and beans. A decision must 
be made,' therefore, as to which clause will predDminate. 
Section 2-316 settles t,he i neons i'stency b,y providing that 
the vyarranty language will prevalTover the disclaimer when 
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the two cannot be reconciled. The purpose of this provisf^n ^ 
is to protect the buyer from unexpected language of disclaimer. 
The seller who wishes to disclaim an express^ warranty , therefore, 
should use language of disclaimer so specific that the buyer is / 
apprised that he is assuming the risk that the goods may not 
conform to the descri pti on , sampl e , or model. ^ 

In explaining an exclusion or modification of an express war- 
ranty, it seems necessary to recall th^t the parol -evi dence 
rul e (i.e. the parol -eyi dence rgl e pro^Vsi des that when written 
contracts are made between t)arties, ^the only terms that will 
be enforced are the terms included in the written agreement) 
provides that the terms of a written agreement may not be con- 
tradicted by evidence of a prior or contemporaneous oral agree- 
ment. Section 2-202, however, provides that the written agree- 
ment may' be supplemented or explained by a course of dealing 
or usage of trade or by evidence of additional consistent 
terms unless the court finds that the writing was intended 
by both parties as a complete statement of all the terms. 
A disclaimer, therefore, would not be effective against oral 
e?(press warranties unless it'containtfd a clause stating that 
the contract contained all the terms agreed upon. This is* 
sometimes referred to as an entirety clause , which may not. 
be contradicted by evidence of a prior or* contemporaneous 
oral agreement. ^ ^ 

Implied Warranties Of Quality : A disclaimer of the implied 
warranty of merchantability and fitness is expressly provided 
for by section 2^316. The disclaimer of warranty of merchan- 
tability may be made either orally or in writing, ^but in 
either case, the . 1 anguage must" men ti on merchan tabi 1 1 ty ; i f in 
writing, it m^ust be conspicuous. A written disclaimer with 
regard to the warranty of fitness is required, irrespective 
of whether or not the other terms of the contract are in 
- writing. It is expressly provided that "to exclude or modify 
any implied warranty of fitness, the exclusion must be by a 
writing and conspicuous". Three exceptions to the above rule 
may be summarized: ^ 

1. No implied warranty with regard to defects arises when ^the 
, buyer has examined, the goods, or the sample, or the model 

a& fully as he desired or has refused to examine the goods. 
,1^ is, not sufficient, however, that th^goods are merely 
available for inspection. There must also be a demand by ^ 
the seller that Ihe buyer examfne the goods fully.^ 

2. An implied warranty can be excluded or modified by a course ° 
of dealing or course of performance or usage'of trade. 

*3. General terms , such as "as is", "with all faults", and the 

like, may be used to exclude implied warranties if such 
^ expressions in common understanding call the attention 
of the buyer to the exclusion of warranties artd make it 
plain that there is no implied watf'ranty. ^' 
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Product Li abi 1 i ty 

Marketing of mass-produced goods today commonly involves a 
succession of sales. Goods are transferred from manufacturers 
or producers to wholesalers or distributors^ then on to re- 
tailers, and finally to consumers. The manufcicturer and the 
consumer seldom contJDact with each othert Moreover, the goods 
are often complex, or have strange chemical components , and 
the user cannot be expected to test them personally, but must 
trust the suppliers. 

At common law, all warranty liability was dependent upon a 
contract between the parties. Only the buyer could sue and 
could proceed only against the immediate seller, not against 
the i ntermedi.a te sellers or distant manufacturer. The buyer 
and seller were parties to the same contrac.t; they were said 
to be in privity of contract . Courts denied injured parties 
the right to sue anyone with whom they were not in privity of 
contract. Th^^fTC Code broadens the common-law rule so that 
all i^njured p^H^ns who'are in the buyer * s f ami ly or house- 
hold, 1 ncl udi n§?,^%^'s ts , may sue. Moreover, courts in/^most 
states have abaiwoned the requirement of privity of contract 
and permit the injured, even a non-user, to sue reta-ilers,-^ 
i ntermecl^te sellers, and manufacturers. 

Today, a manufacturer or producer who makes inaccurate or 
misleading factual statements in advertising dr. labels is 
liable for resulting injuries to consumers. If the goods 
are defective or dangerous the maker is similarly liable 
for resulting harm/ In either case, not only the manufac- 
turer or producer, but also intermediate sellers and the im- 
mediate supplier may be liable. This responsibility or pro - 
duct 1 i abi 1 i ty may be based on warranty, fraud, negligence 
or, increasingly, on a theory of strict tort liability. 

A manufacturer is expected to make a product safe for the 
purpose for which it isintended. This requires care in 
design and fabrication, including i nspect i on and testing not 
only of its own product, but also of ingredients and compo- 
nents made by others. A warning notice of dangers in use of ,, 
the product often is required, as, for example, on packages 
of cigarettes. On the other hand,^thene is no liability if 
the product is u^-e^for a purpose for which it was not in- 
tended (us,ing g£fsol\ne to clean clothes) or which could not 
reasonably be foreseen. Likewise, liability may be barred 
if the pntrd-uW had been altered by the user (lengthening a 
ladder b^, nailing extensions to its legs) or if the injured 
personals personally found guilty of improper conduct which 
cau^^^^the accident (driving on a defective tire after dis^ 
covering the defect, or failing to service or maintain an ' 
engine). 
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The Warranty ^ct 

A reading of historical background ^of the Warranty Act 
reveals that a con?umer product would break down frequently 
or not work properly from the begi nni ng , and the consumer 
would then learn for the first Hme that the product/was not 
covered by the warranty.^ Thi s s)y tuati on prompted Congress i n^ 
1 975 to enact the Magnuson-Moss^arranty Federal Trade 
Commi ssi on Improvement Act , commonly referred to as the 
Warranty Act . The rules of law contained in the di'scussion 
that follows are taken from th^e Warranty Act coupled with the 
rules and regulations promulgated by the Federal Trade Com-^f 
mission (FTC) pursuant to authority given the FTC by Congress. 
These rules and regulations pertain to consumer products 
costing $15 or more and apply only to written warranties. 

Definitions : Ah understanding of the following words and 
terms used in the Warranty Act and the rules and regulations 
promulgated by the Commission may be hel pfuT. before a study 
of the principles of law and rules regulating warranties is 
undertaken. 

Consumer Product: Any tangible personal property distributed 
in commerce and normally used for personal , ''f ami ly , or houses- 
hold purposes. This definition includes any such property 
intended to be attached to or installed i/i ^any real property 
without regard to whether it is so attached or installed. 

Consumer: The word "consumer" means (1) a buyer of any con- 
sumer product, (2) any person to whom such product is trans- 
ferred during the duration of a written or an Implied war- 
ranty applicable to the produce, and (3) any person who is 
entitled by the terms of such warranty, or under applicable 
state law, to enforce against the warrantor tfie obligations 
of the warranty. This definition includes not only a war- 
ranty and warrantor but also a servi-ce contract and a ser- 
vice con^^ctor. It expressly e'xcl udes consumer products 
purchased for the pu^p^ose of resale. 

Seller:^ The word "seller" means any person who sells or 
offers for sale for purposes other than resale of any con- 
sumer praduct\ 

Service Contract: A contract in writing to perform, over a 
fixed period of time or for a specified duration, services 
relating to the mai ntenance and repair of a consumer prpduct.. 

Supplier: The word "supplier" means any person engaged In 
the business of making a consumer product directly or in- 
directly available to consumers. • „' 

Warrantor: The word "warrantor", as deflined by the Warranty 
Act, means any supplier or other person who offers to give 
a warranty or who may be obligated under an implied warranty. 
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Disclosure : The Warranty Act furnished the guidelines, and * 
the FTC has promulgated the rules for disclosure of written 
warranties. The pertinent provisions of these rules, which 
must be clearly and conspi cuous ly ,,di scl osed in a single-doc- 
ument in simple and^clearl^^ understood language, may be sum- 
marized as f ol 1 ows : 

1. The identity of the person or persons to whom the warranty 
is extended, and whether the enforceability of the war- 
ranty is limited to the original consumer-purchaser or is 
^otherwise limited as to other persons. 

" . 2. A description of the products, paV-ts, or characteristics 
covered or excluded from the warranty. 

3. A statement of what the warrantor will do in the event 
^ of B defect, malfunction, t)r failure to perform in ac- 
cordance with the written warranty. 

4. The terms when the warranty commences and the duration 
of the warranty. 

5. A step-by-step explanation of the procedure which the 
consumer should follow to oMain performance of the war- 
rarity obligation. 

,6. Information concerning the availability of any infWcmal 
dispute settlement mechanism. 

7. Any limitation on the duration of impl i ed warrant i es ac- ^ 
companied b^ a statement that the law of the particular' 
state may not allow limitations on the duration of im- 
pl i ed warrant i es . - • 

8. Any exMusions of or limitations on relief, such as in- 
cidental or consequential damages accompanied by a state- 
ment that the law of the parti cul ar state may not allow 
limitations on the duration of implied warranties. 

9. A statement in the follow.ing language: This warranty 
gives you s-pecific relief and you may also have other 
rights which vary from state to state. 

Pre-Sale Disclosure : The FTC, in addition to disclosure at 
the time of the sale has promulgated the rules of the written 
.warranty to the consumer prior to the sale. 

1. Duties of the Warrantor: The warrantor is required to 
provide the sellers wi.th warranty materials by either 
(a) providing a copy of the written warranty with every 
warranted consumer product or (b) providing a. label or 
other attachment to the product which contains the full 
text of the written warranty. 
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2. Duties of the Seller: The seller of a consumer product 
with a written warranty is required to make available to 
the view of a prospective buyer the text of the written 
warra.nty. The seller, however, .is given a choice of 
either of two methods of making the warranty available. 
The first method requires the seller to clearly and con- . 
spicuously display the warranty in close conjunction with 
each product. The second method requires the seller to 
maintain a locking binder which contains copies of the 
warranties for the products* sol d in such department. The 
seller i? required to display the binder in a manner rea- 
sonably calculated to elicit the attention of the pro- 
• 'spective buyer. The seller must not remove the warranty 
prior to sale, and the seller must provide all warranty 
materials required by tbe Warranty Act. 



Fu^ll And Limited Warranty : The Warranty Act requires that 
every written warranty be designated as "full" 6r "limited". 
A warranty which meets the federal mi nimum standards must^ 
be conspicuously designated as a "full" warranty and state 
its 'duration; A. warranty which does not meet the federal 
standards must be conspicuously destgnated as a "limited" 
warranty . 

The federal minimum standards essentially require that the 
warrantor: 

1. Must remedy Uhe consumer product within a reasonable time 
and without any charge; 

2. Must not impose any limitation on the impl i ed warran ti es ; 

3. May not exclude or limit consequential damages for breach 
of any written or^ impl ied^warranty unless such exclusion 
or limitation appears conspicuously on the' face of. the 
warranty; I 

4. Must permit the consumer to col 1 ect aCef und or replace- 
ment without charge if the product containS/a defect or 
malfunction and the defect or malfunction is not cor- 
rected after a reasonable number of attempts. 

The performance of these duties, however, shall not be re- 
quired if the warrantor can show that the defect or malfunc- 
tion was caused by damage while the product was in the pos- 
session of the consumer. The Warranty Act does not prohibit 
the selling of a consumer product which has both full and 
limited wafT^nties if such warranties are clearly and con- 
spicuously differentiated. 
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Disclaimer of Implied Warranties : The practice under the FTC 
Code of giving an express warranty and simultaneously dis- 
claiming implied warranties has had the effect of limiting 
the rights of'the consumer. The Warranty Act, therefore, is 
designed to limit this practice by providing that no supplier 
may disclaim or modify an implied warranty: 

1. If he makes a written warranty; 

2. If he, at the time of the sale or ninety days thereafter, 
gives a service warranty with respect to the product. 



It is further provi ded , -however , that implied warranties may 
be limited in duration to the durati oir of the , warranty or of 
-a.^Vffeasonabl e durati on^/ provi ded such limitation is "consci onabl e 
and is set forth in clear and unmistakable language and is prom 
inently displayed on the face of the warranty". 

The disclaimer provision of the Warranty Act will prevail over 
the "Exclusion of Implied Warranties" of the FTC Code and any 
other contradictory state law which does not give the consumer 
greater rights. The state laws, therefore, will control to 
the extent that the state. laws give greater remedies than 
those given by the Warranty Act. It should be kept in mind, 
however, that the dis:claimer provis^^ions in the Warranty Act 
apply only to consumer products costing $15 or more. 

' :N - *» 



WARRANTIES AND SOLAR ENERGY SYSTEMS 

The solar equipment manufacturing industry unfortunately in- 
cludes several small suppliers; having practically no exper- 
ience with solar equipment and offering no warranties of any 
kind. Purchaser^ of such equipment have very little chance 
of reimbursement for costly failures. Even if a small, mar- 
ginal manufacturer offers some sort of warranty, a purchaser; 
does not have much assurance that the manufacturer will re-, 
main in business long enough to make good on its guaranty. 
In the event of equipment defect or failure, the owner (or 
contractor if an installation guaranty was provided), would 
suffer the loss. The issue of warranties and solar energy 
systems encompasses three related subject areas: marketing, 
guarantees, and consumer information. 

Marketing Solar Systems 

The Federal Trade . Commi ssi on (FTC) is one of the most power- 
ful and activi^st regulatory agencies in the federal government. 
Its actions have in the past and will continue in the future 
to affect virtually every consumer and corporation in the 



its proper role as an enf ot^.cement agency designed to eliminate 
unfair or deceptive acts 'arid practices and unfair methods of 
competi ti on by seeki r\g out those individuals and corpora ti on s 
it deems are violating federal la\y and taking action either 
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' in'the form of a complaint and costly litigation against an 
individual company or " rul emaki ng "proceedi ngs against an" en- 
tire industry. The FTC focuses a considerable, amount of its 
effqrts upon the sola-r energy industry, particularly in, re- 
lation to advertising and sales representations. Fyrthermore, 
since lack of knowledge concerning FTC requirements' and lack 
of intent to misrepresent or in any way to violate the Federal 
Trade Commission Act will not forestall FTC action, it is es- 
sential that each advertiser be acquainted with at least the 
basic principles of FTC advertising law. 

Two immediate areas that must be approached with a great deal 
of caution are advertising and sales representations related 
to (1) pr«oposed tax cresits, and (2) savings to be e-xpected 
from solar installations. Reliance upon tax credits, until 
actually enacted into law, should be avoided. Savings claims 
must be-carefully and accurately stated and based upon full 
substantiation in the possession of the individual making 
the cl a i ms . 

9 

Dece ptive Advertising : Unfairness or deception i.n advertising 
is a possibility in nearly any business. Inadvertent vio- 
lations of the Federal Trade Commission Act in terms of ad- 
vertising and sales representations can and do occur and have 
been committed by businessmen yho did not intend to engag* tn 
misleading advertising and who/, in fact, may have had no 
knowledge whatsoever that the adverti^sing questioned was, 
or could be viewed "as, deceptive. Neither good faith, lack 
of bad intent nor lack of actual , knowl edge of falsity of an 
advertisement are relevant to the question of whether an ad- 
vertiser will be charged with a violation of the Federal trade 
Commission Act. In other words, an advertisement .or sales 
practice may be challenged as deceptive and may result in an 
FTC investigation, complaint -and cease and desist order, even 
if the advertiser can conclusively show that he did not intend 
to mislead or deceive the consumer and .that he had no know- 
ledge or reason to believe that the advertisement in" question 
could be viewed as deceptive. At the same, time, voluntarily 
discontinuing a challenged practice or advertising claim be- 
fore learning that the FTC may consider it to be decepti-ve or 
promis.ing to discontinue the particular practice or claim 
after it is challenged cannot be expected to deter formal 
F T C a c t i 0 n . * 
/». 

An advertisement may be\^iewed as deceptive and in violation 
of the FTC Act if it has only the "capacity" or "tendency" to 
deceive. Actual deception need not be proved or found by the 
Commission. There is no hard and fast Vule«for determining 
what is an "unfair or deceptive act or practi^" or what is 
a "false adverti seme'nt" . In exercising its expertise to 
determine w^hether a challenged advertisement has ^the te,ndency 
or capacity to deceive the public, the FTC assesses the meaning 
the public will give to the advertisement. This ■ asses$(T>ent 
IS based upohthc presumption that the general public, as a 
group, is not well educated or highly sophisticated and does 
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not carefully stCjdy the language of an advertisements In 
determining whether a reoresnetati on is deceptive, the entire 
advertise ent is taken into consideration by the FTC. If a 
word, term, or sentence is ambiguous, and one meaning is false, 
the word, term or sentence is held to be deceptive. Literal 
truth is not a defense. That is, even 'if each sentence con- 
tained in an ad, standing alone, can be shown to be truthful, 
the advertisement will be found to be deceptive if the entire 
advertisement creates an impression which can be misleading. 
Furthermore, not only what is said in the advertisement, but 
what Is not said, may constitute a deceptive act. Represen- * 
tations 'which are too broad to be general ly true or which 
fail to disclose material facts which can affect the consum- 
er's decision as to whether to purchase a product, should be 
appropriately qualified. 

Adv^rti s_i_ ng Product Test Results : Testing of the product and 
test results shoald not be claimed unless tests were' actual ly 
made and were made on products which are representative of 
the product advertised. Reference's to (1) standards utilized 
for comparison purposes, and (2) test conditions should be 
included in the advertising of test results. A representa- 
tion based on tests that do not conform to industry test 
standards should be accompanied by a disci osure' that indus- 
try test standards were no t used. This is particularly true 
where, even though products have been honestly tested, claims 
^are made that the product will meet consumer standards where 
no industry-wide, generally recognized minimum test require- 
ments are in effect. Also, even, in situations where tests 
relied, upon are legitimate, the failure to disclose any af- 
filiations with or the. identity of the testing facility may 
cause probl ens . . 

An advertiser must have in his possess i on , pri or to the time 
a claim is made , a reasonable basis for any such claim. That 
IS, the a^vertfser, in particular with regard to a cla\m which 
relates to safety, performance, efficiency or quality of a 
product, must have in his possession, prior to the time that 
claim is made, adequate substantiation to support the claim. 

Adverti si ng Tax Credits : As a general rule, solar product 
advertising should not contain any representations concerning 
tax credits for the purchase of solar products until any such 
tax credits are actually enacted into law. Any reference in 
advertising to consumers suggesting the possibility of tax 
credits is viewed by the FTC as virtually inherently deceptive 
since there is no certainty that tax credits will be enacted 
by legislative bodies. * 

War ranty Advertising : Warranty-related advertising should not 
be confused with the items that must be contained in the war-- 
ranty itself. Generally, any warranty-related advertising 
shoulddisclose: . ' p 
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1. The product or part of the product that is warranted;-' 

2. The duration of the warranty (if a "1 i fetime" warranty 
and the "lifetime" is any other than that of the pur- 
ch-aser, the "life" referred to should be disclosed); 

3. What, if anything, anyone cl aimi ng * under the warranty must 
do before the warrantor will fulfill his obligation under 
the- warranty , e.g., jeturn of the product or payment of 
service or labor charges; \ 

4. The manner in which the warrantor will perform, e.g., re- 
pair, replace or refund; 

5. the identity of the warrantor; 

6. Whether the warranty is "Full" or "Limited". 



Guarantees For Solar Systems 

The types of warranties (guarantees) offered by manufacturers 
of solar heating equipment vary considerably. At the present 
time, if a supplier provides any warranty, it is of the "limited 
type. Unde^r its terms, the equipment is warranted to be free 
of defects in materials and workmanship, and that, if such " 
defects are found within a certain period of time after initial 
use, correction or replacement will be made without cost to the 
user. A number of suppliers of solar equipment do not currently 
offer any type of warranty. A few larger companies involved 
in solar equipment manufacture are offering one-year limited 
warranties. One'company marketing swimming pool systems offers 

a 10-year limited warranty as shown in the accompanying example. 

-J 

There appears to be no manufacturer's guaranty as to thermal 
efficiency or heat delivery capability rOf solar equipment. Al- 
though manufacturers are providing that type of information i.n 
their sales literature, they are not guaranteeing the perfor- 
mance in the field. To a certain degree, this omission is 
due to the 'inability of the manufacturer to control the quality 
of the installation. In addition, manufacturers supplying 
only certai n components of a system, such as the collector, 
cannot be assured that the other components in the system are 
correctly selected or integrated with their own product. Thus, 
inferior performance might well be due to factors other than 
those controlled by the collector manufacturer. A perfor- 
mance warranty would thus be difficult to establish and main- 
tain. 

Still another problem i'n providing a meaningful performance 
Warranty is the great variation in climate encountered and 
the practical difficulty in accurately measuring the output 
of the installed equipment. In'strumentati on is usually not 
provided, so measurement of performance is likely to be an 
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expensive investigation by an experienced engineer. Dis- 
putes, litigation, and other problems are inevitable. 

Practical performance warranties should become available for 
complete solar heating systems provided by a single manufac- 
turer when assembled and installed by a single responsible 
individual or firm. Under such conditions, the manufacturer 
has sufficient control of the system design and the quality, 
of the installation to have assurance of performance. The 
manufacturer could then guarantee the system to' the instal- 
ling firm which, in turn, would guarnatee it to the purchaser 
In case of dispute, the ^i ns tal 1 er could measure system perfor 
mance in the presence of the owner and a third party, if de- 
manded for determination of conformance. If inadequacies are 
determined, corrections would be m?ide in compl i ance wi th the 
^ warranpty, and the installer and . manufacturer would establish 
responsibility for the departure from specifications. 

Such developments as the Home Owners Warranty (HOM) program,/" 
sponsored by the National Association of Home Builders, can 
« be expected to Have an influence on solar heating equipment 

guarantiees. Under t/ie HOW program, all defects in a resi- 
dential structure will be corrected at no cost to" the owner^ 
during the first three year's of use. It may be expected that 
solar heating equipment will have warranties conforming with 
such a program.. Manufacturers will then be required tq guar- 
antee to the dealer and installer the necessary support for 
compliance with this program. 



Consum e r I nf orma ti on • - 

Many homeowners are not i nteres ted in the mechanical ope- 
ration of a solar system any more than they are about the 
mechanical operation of a car. How^ever, some homeowners, wi 1 1 
be interested in complete details of the system. The contrac 
tor will have to decide, perhaps from the questians asked,, 
just how much explanation of the system is necessary. 

Also, the Consumer Product Safety Act of 197.2, in addition 
to emphasis on the design and marketing of unsafe products, 
also stresses that essentially hazardous products' must be 
properly labeled and full and complete instructions provi dfed . 
The Consumer Products Safety Commission* has stated "They 
(manufacturers, whol esalers , and dealers) must be in a po- 
sition to adVoise the buyer competently on how to use and how 
to maintain and repair the product (sold)." 



Servi ci ng The System : 

When the contractor leaves the job, the structure owner must 
be left with a system in which the components are clearly 
labelled. The operating procedures and maintenance recom- 
mendations must be fully identified. The safety and/or 



ERiC ^ 2SG 



IX-S-285 



health hazards . mus t be defined and, where necessary, protni- 
nently displayed. The compon.en ts must be accessible and 
servicable by qualified service personnel. Such service 
should be possible with the installer/owner manual and a min- 
imum amount of special tooTs. All maintenance and repairs 
should bde poss i bl e wi thout the need to di smantle a major 
part of the system. Standard labels or labelling techniques 
have not been developed as yet, however, as a guide, the fol- 
lowing" i nformati on could be included jn ap owner's manual: 

1,. The component name and part number; 

2. The function of the component in tha system; 

3. The operating pressures and temperatures; 

4. The direction of flow;. 

3. Safety or health hazards; . ' 

6. Trouble symptoms; y 

7. Maintenance schedules; * ' . 

8 . Service notes . . - . 



^ Writing An Owner's Manual : The owner's manual can take sev-r . 
eral forms. It can be as simple as a dozen or so typewritten * 
sheets or as comprehensive as a notebook with detailed litera- 
ture* on each component in the system. With more and more stan- 
dardization in the types of solar systems being installed; 
the owner's manual may easily become a personalized booklet 
issued'by the contracting firm to support its system. 

An owner's manual is not only important to the system owner. 
The contractor benefits be,cause such a manual will most likely 
discourage unnecesary system tampering and, poss i bly reduce 
the number of callbacks for unnecessary inspection or service. 
A knowledgeable owner will often detect minor problems before 
they become serious. 

The information that goes into an owner's. manuaT is up tp the 
contractor. However, such a manual may soon become a stan- 
dard requirement in the solar industry. As a guide, the fol- * 
lowing information could be included: 

1. Installation instructions;. 

2. Start-up i ns tVucti'ons ; 
^3. Operating i ns tructi onis ; 

4. Maintenance instructions; p 

5. Safety precautions; 

6. Warrantee i nf ormat i^otn ; v " ■ >- 

7. Component manufacturers ' names^ and addresses ; " 

8. Sources for repair parts; 

9. System schematics, ^/Dmplete with operati onal descriptions.^ 

Defining Safety '^And Health Hazards : The ins^talled solar- energy 
"system should pose no undue hazards to the 'bu i 1 ding ' s occupants 
or to service personnel. As a general rule, compone^nts mus.t 
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be installed in a manner which precludes falling, tripping, 
or bumping by anyone working or living with the system. In 
.addition, adequate protect i on against fire, burns, leakage, 
and corrosion should be provided/ Most important, any and 
all potential safety or heal th* hazards should be clearly de^- 
fined. Each hazard should be pointed out in the owner's man- 
ual. Where possible, certain hazards should be noted on the 
component labels or as separate caution labels in key areas 
of the system. Examples of possible hazards which should 
be considered include: / 

1. Fire, from combustible Ti qui ds pr sol i djs ; 

2. Burns, from heated pipes and tanks; 

3. Ruptures in pipes, from excessive temperature or pressure 

4. Growths, from inol ds , mi 1 dew , fungi or bacteria; 

5. Contamination, froi^i the mixing of potable water witK'fieat 
transfer liquid; 

6. Infestation, from vermin or rodents; 

7. Bui 1 di ng- material s decay, from moisture leakage or cor- 
rosive acti on . 
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^SURE AS THE SUN RISES' 

* TEN-YEAR LIMITED WARRANTY * 

Fafco, Inc., warrants each new swimming pool solar collector manufectured by rtio be 
free frorri defects in material and workmanship"\jnder normal useforihe purpose in- 
tended for a period of ten (10) years from the date of. delivery tothe purchaser; provided, 
however, that installation shall have been made In accord with Fafco, Inc/s instructior^ 
and procedures and that said products have been used solely for th6 beating of a swim- 
ming pool. 

The sole obligation of Fafco. inc, under this warranty is expressly limited to repair- 
ing or replacing any collector returned to it at Its plant within the warranty period, trans- 
portation and insurance prepaid, and which Its examination discloses to its satisfac- 
tion is defective, subject to the terms and conditions set forth below. 

Such repair or replacement is expressly conditioT^ upon the purchaser paying to 
Fafco, Inc. the difference betweeri (a) Fafco, Inc.'s suggested retail pricefor such cot- 
lector at the time of the warranty claim is made, and (b) the^prorated portion of Fafco 
Inc.'s suggested retail price for such collector at the time of ihe origindl purchase. In 
accord with the following schedule: 

Percent of Original Suggested Retail Prlce 
Year of Claim Credited Toward Repair or Replacemen t 



First Five Years 
Sixth Year 

Seventh & Eighth Year 
Ninth & Tenth Year 



100% 
75% 

•50% 
25% . 



Fafco, Inc., shall notify the purchaser of any additional charges for -the replacenneftt 
or repair of the defective collector under the above schedule and upon receipt of the 
surn specified along with the costs of shipment and insurance, Fafco, Inc. shall repair 
or replace the colledor and return it to the purchaser. Such repair or neplacennent 
shall not include tne costs of disassembly, removal or reinstallation of "the collector or 
any other services involved, and Fafco, Inc. shall not be liable for any of 'such costs or 
charges. 

This warranty shall not apply to any collector v^hich^has been repaired or altered ^by 
anyone other than Fafco, Inc., or a person authorized by it, or to any collector which 
has been subject to misuse, neglect or accident, or which has been damaged by 
freezing, wind, hail, or by any other cause,,thlng, person, or actof God. 

Fafco, Inc. makes no warranty as to the perform since of its solar collector SS to any 
particular temperature or level to which the water will' be heated, since this depends 
upon the amount and intensity of sunlight and other variablefectors which areimpos- 
sible to predict and which cannot be controlled. 

It is expressly agreed and understood that Fafco. Inc., merely manufactures the 
swimming pool solar collector and that for proper operation, said collectc)rs must be 
Installed by qualified, and competent personnel. While Fafco, Inc., warranfe Sdid'col- 
lector as stated, it has no control over, or responsibility for how said collector is ifislall- 
ed or local conditions existing at the time of installation. . . 

This warranty is expressly exclusive and in lieu of $11 other vyarranties. and 
guarantees, either express^ implied or statutory, and $11 other obli92rUons or liabi|)6es 
of or r^edies against F^rfco, Inc. including any warranty of fuenchantabUr^ or -fitness 
for a particular purpose, in no event shall Fafco, Inc., be liable for tbst profits, injury to 
goodwill, or any other special or consequentW^damages. J 

This warranty is not transforrable, and Is Ihnited^ the original consumer 
purchaser. , ' 

'I ■ ■ • 

FAFCO, INC., 235 Constitution Drive. Menio Par^ California 9402S 
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LIMITEDTEN YEAR WARRANTY 

BY FAFCO INCORPORATED (FAFCO) 

1. SCOPE OF COVERAGE ' . 

This warranty applied only to new swimming poo[ solar collectors manufactured by FAFCO and 
instalted on premises owned by the original consumer buyer. 

2. IDENTITY OF WARRANTOR AND WARRANTEE 

The warranty is extended by FAFCO to the original consumer buyer of *thcsolar coHeclorj and is 
not transferrable, 

3. F A FCO'S WARRANTY 

LIMITED TEN YEAR WARRANTY: The FAFCO solar collectors arc warranted tt) be free -frofn 
defects in maierials and workmanship under normal use and service for iht hestlns of aswimmir^g 
pool for ten (10) years from the completion of initial installation, subject to the terms, oonditions 
and limitations described below. 

4. WHAT IS NOT COVERED 

A. EXCLUSIONS: The above warranty does not apply io "the follov/ing corKiH;Ions or circum- 
stances: * ' 

1. To conditions ri&suttin3 from any significant departure from FApGO's instaHation insiruc- , 
tions. 

2. To conditions resulting from failure to provide reasondlsle arid r^emry ma»rvtonance in 
accordance with FAFCO's operating and maintfinance instructions. 

3. To' condiiions resulting from repair or alteration by anyone otherthan FAFCO oraperson 
duly authorized by FAFCO to do such repair or alteration. 

4. To conditions resulting from misuse, neglect, or accident, or which result from freezifi^. 
wind, hail or by any other exposure to the elements, i'ncludin3 fading and mirwctetcfioratfon. 

5. To conditions not involving defects in material or workmanship except asotherwisee»cpUcitly 
covered by such warranty. 

B. NO WARRANTY OF PERFORMANCE OF THE SOLAR COLLECTORS AND SYSTEM 
FAFCO makes no warranty as to the performance of its solar colltctors and system astJo any 
particular temperature or level to which the water will be h*atiul, sincfS this depends upon the 
amount and intensity of sunlight and other variable factors which arc imposi^ble-to predi'ct 
and which cannot be controlled. 

C. LIMITATIONS ON EXCLUSION FROM COVERAGE 

The above warranty shB-U not be considered to be violated or it5covera9e in any v/ay reduced^ 
by conditions that may occur in the normal operation of the system. 

5. SOME THINGS THE BUYER MUSJ DO 

A. PROPER INSTALLATION 

It is strongly r e com m eroded ihat the installatron be made by a duly authorized PAFCO dealer 
or distributor. Should you, the consumer buyer, decide to do the installation yourself or 
employ a person not authorized by FAFCO, ft Is your responsibility to ensureihatthe installa- 
•tidn f)a# been made strictty »n accord with FAFCO's instructions and proceduies and con>plie$ 
With local laws, procedures and ordinances. It is also your nBSpoftsibi lity to inforw FAFCO in 
writing of the date of installation. 

B. ROUTINE MAINTENANCE AND CARE 

You are required to provide rea^ndble and necessary maintenance and care in^ccoid with 
FAFCO's operating and mafntenance instructions. , 

C. KEEP FAFCO INFORMED 

If it appears that any warranted solar colfectpr is nort-fiinctioning properly, promptly f^otlfy 
FAFCO or FAFCO's authorized dealer or distributor in your area. Early attention to d minor 
problem may heipavoPi a serious problem later. ^ 
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WHAT FAFCO WILL DO 

A. REPAIR OR SERVICE 
If a defect in material or workrnanship becomes evident during the warranty period, FAFCO 
will repair, or at its option, replace the malfunctioning solar collector with a new or factory 
rebuilt solar collector of at least the same quality, within a reasonable time, upon payment of 
the charges described below. « „ 

B. WHO WILL PROVIDE WARRANTY SERVICE 

Service will be provided by FAFCO's authorized dealer or distributor rn your area. If there is no 
authorized dealer or distributor in your area, or ifTbe installation vyas made by you or a person 
not authorized. by FAFCO, then notify FAFCO directly at 2*35 Constitution Drive, MenIo Park, 
California 94025, Telephone: (415) 321-3650/>9iving the identification of the. solar collector, 
the date of purchase, the date of installation and the nature of the defector problem. To verify 
that your warranty is still in effect, you should be prep^nxl to furnish evidence purchase and 
the date of installation. 

C. ON SITE DIAGNOSIS 

If practical. FAFCO, or a person designated by it, or the FAFCO dealer or distributor who 
installed the system will inspect the warranted solar collectors at the site, upon payment of 
ihe reasonable costs of such inspection. 

D. CHARGES FOR REPAIR OR REPLACEMENT 

To obtain repair or replacement o'f the defective solar collecior under IhC warranty, you are 
required to pay the difference between: 

a. FAFCO's suggested retail price for the solar collector at the tirrie ihe warranty claim is 
made, and 

b. the prorated portion of FAFCO's suggested retail price for the sofarcollecto*' ailhet'me of 
the original purchase, in accordance with the following proration schedule: 

Percent of Original PurchasePrice 
Credited to Repair of Replacement 
First Fivfr Years 100% 
Sixth Year 75% 
Seventh and Eighth Years 50% 
Ninth and Tenth Years * 25% 
If possible, the repair or replacement will be rhade by FAFCO's authori2ed dealer or distrtbufor in 
your grea. Otherwise, the solar collector must be returned "for warr^ty «<*rvrce to FAFCO it its 
plant, 235 Constitution Drive, Menlo Park, California 94025, transportation and insurance 
prepaid. Upon receipt of the defective solar collector, FAFCO will promptly notify you of any 
charges for repair or replacement, plus the costs of transportation and insurance to reftumihe 
collector to you. Upon payment to FAFCO, it will repair or replace the defective solar collector 
and return it to you. 

IN ADDITION TO THE CHARGES FOR REPAIR OR REPLACEMENT OF THE DEFECTIVE 
SOLAR COLLECTOR, YOU ARE RESPONSIBLE FOR THE PAYMENT OF ANY COSTS AMD 
EXPENSES OF DISASSEMBLY, REMOVAL AND RE-INSTALLATION OF THE SOLAR 
COLLECTOR, AND ANY OTHER SERVICES INVOLVED. NONE OF , SUCH COSTS OR 
EXPENSES ARE COVERED BY THIS WARRANTY, AND FAFCO IS NOT LIABLE FOR ANY 
OF THEM. 

7. NO OTHER WARRANTIES -THESE REMEDIES ARE EXCLUSIVE 

Unless otherwise explicitly agreed in writing, it is understood thjtth/s the only written warranty 
given by FAFCO and FAFCO neither assumes n^r duihorizes anyone to assume for it any orther 
obligations or liability in connection with its products.* In no event^hail FAFCO be tidblefor 
damage to property, lost profits, injury to goodwill, or any other special or consequential damages 
resulting from any defective solar collector or any breach of the aboye express warranty. Some 
states do not allow the exclusion or limitation of incidental or c on sequenrtial damages, so tWs exclu- 
sion or limitation may not apply to you. The above warranty gives you specific legal rights, and 
you may also have othoi'rights which vary fromsiate to state. q p. ^ 

FAFCO, INC., 235 Constitution Drive, Menlo Par|c, California 940.25 
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CODES, LEGALITIES, CONSUMERISM AND ECONOMICS 



* THE CONTRACTING SYSTEM 

The contracting system addresses consumer issues, contractor 
issues, and the interrelationship between, the two. 

CONSUMERS AND CONTRACTORS 

One day it happens, you the consumer, need to remodel. You 
know that remodeling requires experience, skills and compliance 
with building codes — so it's not a do-it-yourself proposition. 
You check the bank balance, estimate that the family budget 
will allow for some expenditure on home improvement and decide 
to have the job done. Should you get on the phone ri ght^ away 
and start calling- local contractors? Absolutely not. It's . 
not enough,, for instance, just to know tha't you want to re- 
model a kitchen or add a family room. You also have to know, 
among other things; haw much you are willing to spend, what 
style addition you would like, how much eqyi pment ''you want 
to replace, and what. purposes the new space or new arrangement 
should serve/ No matter what kind of a remodeling job you ^are 
planning, however, visits to local appliance stores, home equip- 
ment showrooms, home decorating centers, and lumberyards will 
give you some background on the kinci'of equipment and materials 
available, their cost and what installation problems may arise. 
This information w-^i 1 1 also help you to estimate what your bud- 
get will bear and to appraise the expertness of the contractors 
you deal with. 

Can the building owner install a solar energy system? The 
answer is "yes"i however, it is a qualified yes. Jhe building 
owner can install a solar energy system; but the owner must 
have the proper mechanical skills. The owner must be willing 
to make the necessary educational investment. The owner must 
be willing to utilize engineering consultant services as needed. 
And, the owner must be willing to purchase the necessary tools 
and equipment. However, as the contractor, the owner assumes 
any and all risks involved in purchasing and installing the 
solar equipment. Errors in judgement or construction may 
^turn into costly mistakes. Most building owpers will there- 
fore elect to hire a qualified contractor. The investment 
in time and money for a good system often necessitates this 
decision. 

What follows is a complete step-by-step checklist for all the 
major areas where it may be necessary to subcontract the various 
construction operations for a typical single-family house. 

Review the items carefully and then decide how much of this work 
you wish to take on and how much to delegate to a contractor. 
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ITEM 


COMPLETED 


1. Financial arrangements (loan or other 

2. Building permit 

3. Drill well or obtain city water connection permit 

4. Septic system permit (from health department) or 
sewage connection permit 

5. Installation of septic system—generally required to be 
done by professional; may also be installed last . 

6. Temporary electric service (by electrician) or portable 
generator 

7. Job phone (optional) - 

8. Excavation contractor (may be done by hand on pole houses) 

9. Masonry contractor (if you use a masonry foundation) 

10. Concrete finisher or rent troweling, machine (if you 
use slab construction) 

11. Materials for shell qf house (furnished by contractor 
or owner?) 

12. Carpenter/contractor to build shell (should include 
windows, exterior doors and roof) 

13. Installation of rough wiring 

14. Installation of rough plumbing 

15. Inspection of .above work if required by code; 
notify inspector(s) 

16. Install insulation (easy to do-it-yourself) 

17. Install finish siding 

18. Install sheetrock 

19. Finish electric wiring and plumbing 

20. Inspection for above if necessary; notify inspector(s) 
CI. rimsn carpentry-"Sne 1 ves 5 nang aoors, insuaii uninj 

finish floors, etc. 

22. Spackle sheetrock and paint interior 

23. Backfill and finish grading (may hot be necessary for 
pole house) 

24. Get occupancy permit from building inspector, if necessary 


1 



Your next, and most important, step is to find a reliable con- 
tractor. Even though the need seems urgent, this is not the 
time to settle for any contractor who promises instant dream 
kitchens, playrooms and bathrooms. YouVe about to make a big 
investment in money, time' and household disruption — and if 
you make mistakes you will probably have to live with them 
for a long, long time. 

The planning branches of building-construction work include the 
services of architects, engineers, and contractors. Other 
branches of the bui 1 di ng trades include excavation, or the 
digging of foundation pits and tunnels; structural -steel 
erection, sheet-metal work, masonry, or the construction of 
brick, concrete, or tile structures; glass installation; 
woodworking, roofing; painting and decorating; and the mechan- 
ical trades, whi ch ^i ncl ude the installation of electrical, 
plum^bing, heating and ventilating equipment. A building or 
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other construction project may be erected by an individual or 
an organization that makes the plans, hires the ""1 aborers , and 
buys the materials directly. Most construction work, however, 
is turned over to a general contractor . The contractor agrees, 
in a written bi d or proposal , to complete the building according 
to the plans and specifications of an architect. The price may 
be a fixed lump sum, or the contractor may agree to construct 
the building for whatever it costs plus a fixed fee , or a per - . 
cen tage , of the building cost. The general contractor may, do 
all or a large part of the work under the contract. Usually, 
however, he makes use of subcontractors , who furnish the labor 
and materials for certain parts . of the work , such as the ex- 
cavating, carpentry bri ckl ay i ng , pi as ter i ng , or plumbing. 
The subcontractors also receive a fee or percentage for their 
part of the work . 

If there is one characteristic consumers have in common, it is 
the cre?ire to get one's money's worth on a commercial trans- 
action. In the solar field, there are three main obstacles 
in satisfying this al 1 -important objective: 

1. The consumer's own lack of knowledge and i nexperi ence . i n 
this field. 

2. Manufacturers who unintentionally build s hoddy -products 
and who are too overenthusi asti c about their products. 

3. Deliberate fraud and misrepresentation. 

The best weapon against all three is for the consumer to recog- 
nize his or her own limitations and to rely upon competent In- 
gineering counsel. "Knowing that one does not know" is the 
first step toward wisdom, as one old philosopher said. 

In ord-er to have a successful relationship with a contr^ictor 
you must: 

1 . Check h i m out , and 

2. Make him bid competitively; then 

3. Enter the contract in good faith, remembering this: 

4. Don't overpay him during construction, and 

5. Keep a written record of everything. 

There's a lot more, of course: insurance coverage, guarantees, 
contract terms but if you follow the five basic rules you'll 
probably have little trouble.' 



Reliable Contractors 

What makes a contractor reliable? Many things; He has been in 
business long enaugh to have establ tshed himself as responsible 
and trustworthy. He has a crew of subcontractors and workmen 
whose work and dependability he is sure of. (Most contractors 
are smal 1 -buis i ness men, who subcontract parts of the job, such 
as the carpentry, the painting or the electrical work.) He 
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knows the state, county and loca] laws that regulate rebuilding 
and remodeling and will make sure that your job, when finished, 
conforms with all these regulations. He carries insurance cov- 
ering workmen's compensation, property damage and personal lia- 
btlity and^can provide you with a certificate of insurance to 
show his covera^. He will maintain a maximum of cleanliness 
and order on the job. There is one thing a reliable contractor 
will not do, however. He will not giv^ you a firm date on which 
the job will be finished and with good reason. He knows that 
it is almost impossible to estimate exactly how long a job will 
take, and what unforeseen problems may be encountered along the 
way. He is dealing with independent craftsmen who are in di-^ 
minishvng supply, and he can't wbe sure that they will always 
adhere precisely to his schedule. And he must allow for fac- 
tors beyond his control, such as delays in delivery, bad weather 
and illness. 'So he will probably be able to give you only a 
tentative completion date. But he will try to keep to it, not 
only because* he wants to please you as his custoiaer, but also 
because it is to his advantage to finish as (Quickly as possible 
so he can collect his money and start on a new job. If he is 
experienced and reliable, moreover, he will not take on more 
work than he can reasonably handle. 

In spite of all the negative things we all hear about the con- 
struction industry and its notorious little brother, the home 
improvement business, most contractors are fairly honest, 
reasonably dependable, and interested in doing a good job. 
They're also interested, of course, in maki ng money . Like the 
rest of us, they're still a bit spoiled from having hadi a/-' 
twenty-five-year free ride between 1950 and 1975, but, now that 
the great building boom has subsided, they're learning to give 
better value for each dollar. Every reputable contractor will 
give you the names of his most recent customers. But if you 
fail to follow through and dnly pretend to check his references 
you'll have no one to blame but yourself if things go wrong. * 
Check not only his recent customers, but also hjs credit rating. 
Your bank can tell you how to do this; it's important. It 
really pays to find out what the recent customers of yDur con- 
tractor have to say. In order to hear what you need to hear, 
youMl need a sensitive inner ear. Be prepared, for instance, 
to hear some complaints about the guy, no matter what he's 
really like. You have to recognize comments like "The damned 
thing works all right, but he still hasn't taken alj his cartons 
away'* (even when such comments are delivered in the most out- 
raged of voices) as being of a far different nature from this: 
"He never paid any of his suppliers and he hasn't come back 
for two months". All of/'us have weaknesses and strengths; 
nobody's perfect. Try i:o get a sense of hoyi the contractor 
per'^orms on the import/nt items, and be flexible enough to 
li/ve with some temporary frustrations on the others. After 
/^4l, he may have some' probl ems with you, too. 
//■■'" ' /*''' ■ 

/You can also form a..i^ opinion on your own by visiting the con- 
tractor's headquarters to see if hef appears to be firmly es- 
tablished. / 



Occasionally you will find a contractor who is an absolute 
louse; someone who wants to do as little of your work and take 
as much of your money as he possibly can» If you get, bad vibes 
from a person on first meeting him, be doubly careful* You 
weren't given your vibe-antennas for nothing. $pmetimes, of 
course, you. won't recognize a con m^n at first srf^it* 'that's 
why we added those rules about stay i ng a little behinci in you 
payments and keeping good r<4cords. Usually, however, all the 
warning signs are there before you sign on the dotted Tine f- 
if you're willing to recognize them* <> 

Be carefu l of sellers who use Post Of f i ce Box numbers > Though 
many legitimate businesses use these outlets as a convenient! 
way to receive bills and orders, a common tactic of the fly-by- 
night artist is to use a Post Office Box number, operate ail 
territory until the' law starts closing in, then move and ta|k^ 
a new name in a new territory. Find out from th^ 3,^1 1 er whei^e 



his place "of business is, how 
for his financial references. 



long he has been there, and as 



Buying A Solar System 

B^ond the need for proper engineering counsel, there are s0me 
other steps you can take to insure that you get your money 
worth in a solar system: 

1 . As k for proof that the product will perform as adverti sed 
The proof could come from an independent 1 aboratory or a 
university. You should have the report i.tself, not what 
the manufacturer states the report claims. Have your 
engi neeri ng consul tant go over the report.! 



Examine the warranty careful ly . Remember that accordinfg 
to the. law, the manufacturer must state that the warranlty 
is full or limited. If it is 1 imi ted ,* know what the lilmi- 
tations are. How long does the warranty lastT^Are pants > 
service, and labor covered?. Who will provide the servil|ce? 
Does the equipment have to be sent back to the manufacturer 
for repairs? Make sure you understand the terms of th^ 
warranty before you buy. Ask the seller what financi^al 
arrangements, such as an escrow account, have been mad^ to 
honor the warranties. Be sure your engineering counsel 
not only looks over the warranty, but the design itself 
to determine whether there are any important omissions. 

Solar components are like stereo components -- some work 
wel 1 together , others don ' t . If the system you are pur- 
.chasing is not sold as a single package by one manufacturer, 
then you should obtain assurance that the seller has had 
the professional experience of choosing properly. . , 



Ask the man or woman who owns one 



list of 
ask the 



previous , purchas ers and 
owners bout their experiences 
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5 . Be_ sure you- wi 1 1 know specifically who will ' service the 
solar system i f somethi ng goes wrong . Don't settle for a 
, response that any plumber or handyman wiT\do. 

5. Don ' t try a_ do-i t-yoursel f ki t > unless you real ly have 
very solid background as a handyman , One or two mistakes 
could make a system inoperable and you will have no one to- 
blame but yourself. 

7. Remember that what counts wi th a^ solar system i s the amount 
of Btu ' s del i vered for tlge final end use of the system , and 
that this amount can f 1 uctuate widely / A very good winter 
with much sunshine can produce performance 1 evel s beyond 
the manijf acturer ' s projections. Conversely, an unusually 

^ bad winter with heavy cloucf covers could make the projec- ' 

tions drop dramatically. The seller will be working from 
historical averages. 

8. * Don ' t forget your 1 ocal consumer of f ice or your Better 

Business Bureau . , Both may be able to. help you determine 
whether a seller is reputable or not. Check* too, to s6e 
whether there is a local volunteer citizens solar organ-/ 
ization around. If so, it can probably give you plenty ^ 
of good adv i ce . 

9 . rf the seller makes verbal cl aims that are not ref 1 ected 

i n the 1 i terature Handed, out , ask him to Wri te those cl aims 
dow^n , and to sign hi s name to ij_. Compare what he said 
with^vhat he wrote; save that statement.- 

10. rf you have what appears lo _be a, 1 egi timate complaint , 

noti fy the 1 ocal di stri ct attorney's office immediately , 
the Better Business Bureau , and the 1 ocal consumer pro - 
tection agengy . Be as specific in your compla,int as pos- 
sible, and give as much documentation as you can. 

Comp e titive Bids 

Unless the contractor is your dearest friend or your own 
brother it's always wise to make him compete with others for 
the chance to do your work. In fact, even if he is your dearest 
friend, it's still not a bad idea. If your job is too small to 
attract competition, of course, you may have to take anyone who 
is available, but if-^your job is that small why aren't you doing 
it yourself? Competition is the backbone of the free enterprise 
system. When there is real competition the consumer is pro^tected 
When there is collusion when the bidding is rigged there 
is only charade. In order to be. treated fairly by your bidders 
you must start by being fair yourself. Don ' t ask --or al 1 ow 
anyone to bi d unless he's someone to whom you ' d be wi 11 i ng to 
award the job i f h 1 s pn ce were r i gTTt . Contractors spend a lot 
of money preparing bids, particularly those which involve al- 
terations to existing structures, and it is not right to ask 

• / , / • 
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for bids if your only motive is to sharpen the price of another 
contractor, one to whom you've already planned to award the con- 
tract. You may get away with it, but if the quality of human 
society Continues to deteriorate you can no longer have the fun 
of blaming others. 

On small construction contracts, bids are often called estimates, 
but an estimate is literally "a rough calculation", and rough 
calculations have a tendency to escalate wheji they're turned into 
smooth ones, 'SO get written bids (firm prices) and try to make 
sure that all the bidders are bidding on identical, or at least 
comparable, systems. If one is bidding on Solarapex and another 
on Solaracme, you may not be able to make a wise decision. If 
each bidder is tied to a different solar supplier, then don't 
name any manufacturer or supplier when you ask for bids. Write 
what is called a performance specification , describing the kinds 
of materials and results you want, forcing each bidder to meet 
your specif i cat.i ons with his bid. Sometimes performance specs 
will name a manufacturer as an example of a company providing 
the kind of material or equipment you want. The name is, in 
that case, followed by the words "or approved equal". This 
is somewhat loose since there can be disputes over what is 
truly equal to what, but at least it's a guide to'a general 
level of acceptability. Cons tr*ucti on guatantees usually run 
for a year after final payment, or after completion of the work. 
Often, the individual components and equipment will carry longer 
guarantees or warranties. Here, with regard to competitive 
bidding, it's only necessary to remind you that the bidders 
must be told that among your requirements for the system is one 
stating tha-t the solar contractor himself must guarantee all 
workmanship and materials for a full year. "But what if I 
don't know how to describe the system I want? How can I get 
competitive bids?" We often hear that kind of question and we 
always answer it the same way: If you can afford professional 
help, get it. Sometimes, an hour or two of mechanical en- 
gineer's, or a solar consultant's, time is all.you*ll need. 
Ask him first what his hourly rate is and then take ' advantage 
of it. But if you can't afford such services, or if, as it is 
to most people, the land of lawyers and consultants is a foreign 
one, then your best bet is to educate yourself, to read a book 
if you can handle the technical side of solar devices then 
write a brief description of the system you want. You have to 
strike a carefU'l balance between scaring the contractor with 
overly technical and legalistic requirements, and inviting him 
io take you to the cleaners with overly loose ones. 

"But what if I don'tknow how to describe the. system I want? 
How can I get competitive bids? The following example may 
help. 




John Butz, President 
Solaracme Contracting Company 
18 Main Street 
Middleville,IL 

Re: Request for a Bid on a 
Solar Heating System for the house of 
Elizabeth ]ones 
421 Center Street 
Middleville, Illinois 

Dear Mr. Butz: 

During the winter of 1977-1078 aiy total heating bill was $827.20. I 
believe my house is suited for solar heating. If you are interested in 
providing it with a solar system will you ploase send me a bid for the 
work? I must have your proposal no later than September 21, 1978. 
Here's what I want: ' 

An air system with fully watertight and airtight rooftop collectors 
of at least 400 square feet, forming with the roof a permanently 

weatherproof structure, and having an insulated rock bed storage 
unit in the basement, complete with all ducts, controls, parts, and 
connections to my present heating system as needed to reduce my 

. heating bill (for a winter equivalent to tha* of 197 7-1 978), by 
It is important to methat all parts of the system beselected for low 
maintenance, resistance to corrosion and leajcage, ease qf opera- 

' tion, and high efficiency. 
In addition, I want you to provide a separate, liquid-type solar 
preheating system for my domestic water hejating system^ using 
copper for all parts having contact with water or the collector 
liquid. Include provisions for easy filling of the system, and a 
reserve tank into which it can be drained. This system must have 
its own collectors of at least 35 square ft. and a thoroughly insu- 
lated solar-heated domestic water storage tank of 80-gallon ca- 
pacity, providing ail work needed for acomplete system. 

Please name ih your proposal the manufacturers of all major 
components. 

I look forward to your response on September 21. 
Sincerely, 

Elizabeth Jones " ' 
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When you have satisfactory proposals from several (if you are 
fortunate) reputable contractors you will have to choose among 
them. How should you make the choice? Though it may seem 
thrifty, the lowest bid is not necessarily the best. The con- 
tractor may have underestimated the time and work involved, 
and may cut corners later trying to make up for his mistake. 
Moreover, if he is losing money on your contract, he may give 
a higher priori.ty to more profitable jobs, and "Vour work will 
drag on and on. One building expert puts it this way: "Many 
times what you are paying for in a bid is experience. Most 
remodeling jobs are done on oldkr houses, and the experienced 
contractor J<nows that he is almost sure to run into problems 
that cannot be foreseen, but must be allowed for. In older 
homes it is not 'unusual to find walls several feet thick, gas 
pipes left over from the days of gas lights, rotting timbers 
and other unexpected difficulties." This does' not mean, how- 
ever, that the contractor who submits the highest bid is 
necessarily the best -- he may simply be the most expensive. 
There are no firm rules on how ,to make this decision; you will 
have to rely on the contractor's reputation, your own judgment 
based on your dealing with him and a little bit of^luck. One 
word of caution: Don't tell one contractor what fnother one 
has bid or you may unwittingly cause the second bidder to ask 
a higher price than he had intended. 



Contractors proposals are often presented on forms which, when 
signed,, become contracts. Just be careful to see that the 
terms are fair. More often than not, such care will result 
in the writing of a new proposal, inasmuch as your review of 
a proposal and subsequent meeting with the contractor, will' 
undoubtedly result in new understandings and modifications 
which will require a rewriting of the original submission. 



Contract Terms 

There's a whole world of potential legal problems in a con- 
struction contract. The easiest procedure, of course, if you 
can afford it, is to hire^' prof essional s for every step of the 
process -- a solar specialist/mechanical engineer to design 
the system and administer the construction of it, and a lawyer 
to handle the contracts and other legal matters. Where a lot 
of money or complications are involved, that is the only pro- 
cedure to follow, but on most home solar installations it is 
notnecessary. 
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Once you have satisfied yourseVf about the reputabi 1 i ty/of 
several local contractors, you/re ready to Q^a^OTX"^ more 
to visit your home and di^cus?^' the job thatvyoF\^ plefnning. 
This first appointment is alwiiys on t he' contractor"' s /t i me 
it's an investment he makes /n the hope that he wil/get the 
job. Though he expects to i^'nvest this time, the more business- 
like and informed you are, the more satisfactory the meeting 
will be. This is the momeiit- when the "homework" you have done^ . 
--on plans, materials and appl i ances--wi 1 1 begin to pay off. 
Though you are wise to start with some of your own ideas, don't 
ignore suggesti ons and advi|;e from the contractor. He has had 
experience' with remodeliVffg problems*, with various materials, 
with different appliances, and is in a position to give you 
good advice. Sometime^ he may be quite right in saying a ma- 
terial or an appliance is not suitable for the purpose you 
have in mincl, or has not held up as well as it should, or is 
more expensive than f(nother brand that will sferve exactly the 
same jDurpose. But \fe may also suggest an alternative simply 
because he gets, a bfetter discount on it or because it's easier 
to work with. You will have to use your own judgment. If you 
are in doubt about a material, however, and the contractor is 
reliable, it will probably pay you to go along with his sug- 
-.gestto'n. For^a' major remodeling job a good contrac^tor will 
give you plans and insist that you approve them before he 
begins working. Study them careful 1 y--i t ' s easier and much, 
much cheaper to make changes in a plan than to wait until work 
is in progress and then decide you really wanted the door to 
be in the middle of the wall, not off to the side. If you do 
change your tnind midway, there may be wiring or plumbing to 
be undone in addition to changes in the working drawings and 
the schedules of the workmen involved. All these things are 
time-consuming, and the contractor is perfectly within his 
rights in adding the costs of the extra time as well as ad- 
ditional materials onto your original bill. You'll want to^ 
check with the contractor to be sure that he is adequately 
insured and that he will provide all<>the permits required by 
your local building laws. Be sure, tfoo, that^your agreement 
has a written provision freeing you from liability if the 
contractor goes bankrupt before the job is finished. Under 
existing mechanic's lien^laws, you can be held liable for pay- 
ments on materials and labor on your remodeling job--even though 
the material or the workmen were to have been paid by the con- 
tractor--unTess your agreement specifically protects you against 
such lie ns . 

An#ther important part of your agreement is how and when you 
pay. The contract should state specifically the scope of the 
work to be done and how much it will cost. It is customary 
for the contractor to get a down payment, about 10 to 15 per- 
cent of the finished price, before he begins. The remainder 
is paid when ^the job is completed. On a very large job the ' 
oontract°or may specify proflress payments, but this is less 
customary. If there' i s such a clause in your contract, be 
sure it provides for some relationship between the progress 
of the work and the amount of payment to be made. 

^ . ^ 30.} , . ■ 
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You will also 
the materials 
are given not 
uf actureres . 
expect of the 
if something 



want to give some thought to the guarnatees on 
and appliances you are getting. Usually they 
by the contractor, but by the suppliers or man- 
In any case it pays to find out what you can 
materials being used, and where you can complain 
proves defective. The Fair Trade Commission has 



set up guidelines on some materials that the con tractor should 
know and tell you about. Roofing and siding mater ials, for 
.^fTTsTSKnce , can only be guaranteed for 15 years, and anyone who 
guara*ntees them for Ibnger is either misinformed or trying to 
mislead you. For appliances such as ai r-concli ti oners , find 
out if there are local service offices so that you can get 
repairs or replacement parts quickly if needed, and ask the 
contractor what experience he has had with the service organ- 
ization. When it comes to the installation of plumbing, 
heating systems and water heaters, find out whether the con- 
tractor or the subcontractor is going to be responsible if 
something goes wrong after the job is completed. Get written 
guarantees. 

Y^ou might also ask the contractor for the name of the ^supply 
house that will provide the material -for the job. Then you 
can check to be sure that he has ordered what is specified in 
the agreement. If you find out that the supplier will deal 
with the contractor only on a cas h-on-del i very basi s , proceed 
with cau.tion--a man with a poor credit rating may not be a 
good risk. 



Find out also about cleaning up and 
contractor will clean up as he goes 
to be some materials left over when 
contractors offer a clause in their 
they will leave your house and premises "brodm 
may be a charge for this, but it could be well 



removi ng debri s . A good 
along, but there are bound 
the job is finished. Most 
contract that guarantees 
clean" . There 
worth it to be 



spared the 
yoursel f 



annoyance and expense of getting rid of the debris 



In the language of construction, on^ good word to remember is 
"provide". Make it clear that you want the contractor to do 
more than simply furnish--or install--the work. You might 
even write that into the contract-- that he i s to provide £x 
c ompl ete , f uncti oni ng , f ul ly guaranteed system , nice, big 
general catchall like that may get you into less trouble than 
will a long and detail ed spec to which you may have failed to 
add a cruci al cl ause . 



The Writte n Agreement v 
The .co ntract -- Get i t al 1 i n wr i ti ng . 

Examine the written contract carefully and make sura al,l pro- 
mises are in writing: work to be done, quality of materials, 
total cost, completion time, performance claims. Take your time 
and know what you are signing: read and keep a copy of all papers 
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Some suggest! ons : - ' 

1. Get all details and claims in writing on fhe^contract ; 
use advertising claims and brochures as exhibits or at- 
tachments to the contract. 

2. Read and understand the contract; make sure every blank is 
filled in properly and completely. 

3. Be sure there is a detailed description of the job to be 
completed; make ^ure it includes the speci f i cati ons with 
the brand name and size of the materials. 

4. Spell out terms of the warranty clearly. 

5. The schedule by which the contractor is to be paid should 
be def i ned . 

6. Consider a contract with an incremental payment schedule, 
so you can pay only upon satisfactory completion of in- 
cremental "steps" of the job; withhold final payment until 
you are s^iti sf i ed with the wor^k. 

7. To avoid getting sued if your contractor is uninsured, 
make sure the contractors and subcontractors certify in 
writing all damage, personal damage, and liability re- 
sponsibilities. If they can't or won't do this, get 
another contractor. Most contractors are required to 
carry insurance; and many will provide you with a form 
from their insurance company telling you the job is 
covered. 

8. Consider a "hold back" clause for 10 to 20 percent of the 
job cost. This allows you to delay the final payment un- 
til 30 days after the job is completed, so you can get 
corrections made. Beware of the contractor who wants a 
big payment of money frorrt you before work is begun; some 
payment up front is common, but generally not more than 
30 percent. 

9. Consider a "broom clean" clause which makes the contractor 
\ responsible for clean-up and removal of all debris. 



10. Specified payout schedule; banks pro vide this service for 
a small fee, sometimes very inexpensively if you take out 
a loan for the job. The banks also will take care of se- 
curing lien waivers, which may save you a legal fee. 

11. Secure lien waivers. Under Colorado statute, and several 
other states as well, anyone who does work on your house 
and is not paid can place a lien on your home (i.e., claim 
part of your property if they have not been paid). Even if 
you paid the contractor, the subcontractors can place a Tien 
against you if the contractor has failed to pay them. Lien 
waivers should be written into your contract. 
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12. Make sure the bid or estimate iiicludes all costs, including 
labor and materials; get a fixed bid contract, if at all 
possible. If you must pay by the hour or some other way, 
put a maximum dollar ceiling in the contract. 

13. Include a contract clause making the contractor responsible 
.for meeting all codes, securing any required permits, and 
meeting any other laws or rules. 

14. Always specify the starting and compl eti on da tes for the 
job; you can write in' a penalty ,for failure to complete 
the job on time. 

After you*ve chosen the contractor and an agreement has been 
pu t in wri ti ng , have it checked by a lawyerwho has experience 
with such agreements, by your mortgage company or, if you have 
arranged for bank financing, by the home improvement loan de-- 
partment of the bank. When none of these checks is possible, 
read the contract carefully yourself. 

Be sure, if you have been dealing with a representative of the 
contractor, that the name of the contractor, not the name of 
the salesman or the representative, is on the contract. Other- 
wise, you may find that the salesman has made promises that the 
contractor can disavow. 



PROPOSALS ^ 

Pricing a solar energy system sihould include all materials, 
labor, subcontractor fees, engineering consultant fees, agreed 
upon warrantees and maintenance, start-up cos ts , call-back 
services, contingency fund, overhead, and profit. 

The first time contractor must include some of the cost of 
manufacturer's technical service, standards devel opment , 
pos si ble i ns tal 1 ati on school , i ns tructi on manual s , and 1 earn - 
ing new mechanical skills. Becoming a qaulified solar con- 
tractor inv.olves time and money. Such an investment should 
be recovered by including a portion of the costs in the first 
few solar installations. These are reasonable costs. 

Large or complex solar systems may require detailed structural, 
calculations for collector racks and storage tanks. Such cal- 
culations should be done by a qualified professional engineer ;\ 
whtf is familiar with these types of s tructuraT re^ui rements.*>^. " 
Professional engineers are. usually s tate-1 i censg'd and a lisf'^^j^ 
of names can readily be obtained. 

Building, al terati ons may be required to reduce infiltration, 
lower transmission losses, and prepare the structure to re- • , 
ceive the solar collectors. These alterations may not be ; 
part of the solar sys tem i ns tal 1 ati on . They may not be the 
responsibility of the solar contractor. However, such alter- 
ations must be accomplished before going ahead with the job. 
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The job pricing therefore would typically include consideration 
of the following costs: 

Education and engineering services 
Building modi fi cat i ons 

Materials for the collector loop V 
the collector loop installation 
for the storage system 
storage system installation 
for the heat-delivery loop 
the heat-delivery loop installation 
services 
miscellanjgous expenses 



1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11 . 



Labor for 
Ma teri al s 
Labor for 
Materials 
Labor for 
Subcontracted 
Overhead and 



Reasonable profit 



The cost estimate is best approached by splitting out the labor, 
materials, and otitside services; by doing so, the profit oppor- 
tunity can be maximized. These costs and profits are best cal- 
culated in the sequence in which the material o's used or the 
labor performed. This will allow you to know exactly where 
costs may be running high or low. 

Engi neeri ng Servi ces 

A sample form for estimating engineering service costs is 
shown below. The form covers your costs, if any, for contrat- 
ing with a design consultant or professianal engineer. These 
services may or may not be required depending on the partic- 
ular job. If they are required, the costs should be included 
in the job price. 



SAMPLE FORM FOr/eST I MATING ENGINEERING SERVICES COSTS 



ENGINEERING ITEMS 



COST ESTIMATE 



JOB PRICE 



ERIC 



Solar Design Consultant 

Engineering Services 

Collector Mounting Foundations 
Solar Storage Tank. ..... 

Other: 



Total 



Spaces are given in the form for estimated costs as well as the 
quoted prices. Job price mi nus estimated cost equals the gross 
estimated profit. By splitting out the estimated profit on each 
item, you can plan the proper markup for that service. 



308 



IX-S-309 



Buildi ng Modifications 

for estimating 
modi f i cati on 
shown in figure 



A sample 
bui 1 di ng 
costs is 
20-2. 



This form covers costs 
for collector array 
mounting foundations. 

It also covers costs for 
building modifications 
to lower infiltration 
losses or transmission 
losses. 

These costs may or may 
not be the responsibility 
of the solar contractor. 

Whenthey are, a job 
price needs to be calcu- 
lated and i ncl uded i n 
the final solar system 
price. r 



Include the 
supervi si ng 



cost of ' 
and inspect- 



ing the subcontractor s 
work, if you are respon- 
sible for such work. 

Spaces are given for es- 
timated costs as well as 
quoted prices. 

Job price minus esti- 
mated cost equals the 
gross estimated profit. 

By splitting out the es- 
timated profit on each 
item, you can plan the 
n^^oper markup for that 
material or service. 



BUILOINa MODIFICATIONS 


Item 


Cost Estimate 


Job Price 


Collector Array Mounting Foundations 

>» Design and Engineering 






• Drawing and Specifications 






• Materials 






• Site Preparation \ 






•Labor 






• Clean-up and Inspection 












^ Subtotal: 






Building Modifications to Lower Infdtration " 

• Inspection and Recommendations . . . 

• Analysis and Quotations 


- 


* 






'• Materials . 






• Labor : ^ 






• Clean-up and Inspection 






Subtotal: 






BuHdIng Modifications to Lower Transmission 

• Inspection and Recommendations . . . 

• Analysis and Quotations 


• 








•Materials ^ 






• Labor 






• Clean-up and Inspection 












Subtotal: 






Other Required Building Modifications 
























Subtotal: 






Total: 







figure 20,2 A sample form for estimating building modification costs. 
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Collector Loop Materials Costs 



The costs foif? the 
solar collector loop 
are best estimated in 
two stages: first, es- 
"timate the cost of ma- 
terials; second, esti- 
mate the cost of in-, 
s tal 1 a ti on 1 abor . ^ 

A sample form for esti- 
.mating the costs of col- 
lector loop materials is 
shown i n figure 20-3 . 



This form is 
for use with 
system. 



designed 
a typical 



The various parts of the 
col 1 ector' 1 oop are ite- 
mized, along with several 
optional parts, piping 
and fittings. 

Spaces are given for 
part model numbers, the 
cost estimate, and the 
job price. 

In using this f orm , re- 
member tha t : 

1. a separate form will 
be used for 1 abor " 
costs , 

2. the collector mounting 
brackets may or may 
not be part of the 

col 1 ector pri ce , 

3. there is no external 
heat exchanger with 

a coil-in-tank system; 
i ns tead , i ncl ude the 
tank complete with 
its internal heat 
exchange coi 1 . 



Job price minus 
cost equals the 
timated profi t . 



estimated 
gross es- 



By splitting out the es- 
timated profit on each 
itpm, you can plan the 
proper markup for that 
materi al or service. 



COLLECTOR JLOOP MATERIALS 


Materials. By Item 


Model 


Cost 
Estimate 


Ink DmI^^ 

Joo rrlce 


Collector Mounting Brackets . . 
Solar Collectors 














Heat Exchanger 
































Air Separator 








Fill Valve 
















Manual Air Bleed Valve 








Manual Collector Drain Valve . . 




















• — [ — 










Heat Transfer Fluid — 


® 

6VLTHERM 444 














Manifold Connectors 








Collector Loop Piping 
































Miscellaneous Fittings — w.. 
Loctite Pipe Dope with Teflon . . 




















Thermometer Weils (optional). . 














Miscellaneous 






For Coil-in-tank, Add Tank Here 
and Delete Heat Exchanger 








Insulation for Pipe & 
























Total: 









Figure 20.3 A sample form for estimating the costs of collector loop materials | 
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Collect or Loop Installation Labor Costs 

A sample for estimating the costs of collector loop installation 
labor is shown in Figure 20.4 (following page). The individual 
tasks are itemized to simplify the labor cost estimate. On this 
form you will: 

1. Estimate the number of hours required to perform each in- 
stall ati on task . 

2. Multiply the time estimate by the hourly rate to determine 
the total direct cost. V 

3. Add the cost of insurance, taxes, and employee benefits. 

4. Add the profit desired from the labor. 

(The insurance, taxes, and employee benefits entry is actually 
an indirect cost, but for convenience is included on this form.) 

Items that should be included in insurance and taxes are: 
workman*s compensation, PICA (employer's share), unempl o^f^men t 
taxes (federal and' state), union dues, ^ and inspection fee's. 

Items that should be included in the employee benefits package 
would normally include: health and life insurance, paid vaca- 
tions, holiday and sickness allowances, bonus and pension plans, 
and any other employee benefits. 

Any subcontractor's cost, such as a crane, should be transferred 
to the Subcontractor's Estimating Form, discussed elsewhere. 
Such a cost should not be included in the total for the^ labor 
estimate. , 
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Ubor Item 



/transport collectors to job^ite 
Install collector mounting system 
Hoist Collectors . .f. 




/ 



(Subcontract Crgftie $ 



'■■/ 



• ./ 



Connect Collectors to Mountings 
Fabricate the Manifolds 

/Pipe Collectors )b Manifolds 

f Pipe Ca(lector/Loop to Service Rtwm / 

Instaj/hleat Exchanger (or coil-in-tank) 

Inst/ll PufT}^ 

Pip Collector Loop in Service Room 
stall pbntrollefr 

nsped & Ch^ck Piping Loop Again/t 
Working ^awings and Specs . 

Air/Press^ Test Collector Loo^^ 

Leak Allowance 



Fiir ^(lector Loop 
Sta^-up & Check-out of Loop 
Sc^Loop Flow Rate (clear sky. noon^ 
Insulate Loop Piping and Components 
label & Indentify Lopp Parts 
Type Instruction/S^rvice Manual 
Paint & Clean-up V , / 



7 



Insurances and Taxes 
Employee Benefits 



Figure 20 4 A sample former estimating. the costs of collector loop installation labor. 
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S t_^qraj3^e Syste m Materials Cost ' ; 

The costs for the solar storage system are best estimated in 
two stages materials, then labor. 

I 

A sample form for estimating the costs of storage systemjma- 
terials is shown in Figure 20.5. This form can be used for^the 
storage loop in a complete system, as well a$ for the stbrage 
loop in a water-heater system with an external heat exchanger. 



STORAGE SYSTEM MATERIALS ' 


Materials. By Iteiru 


Model 


Cost Estimate 


i Job Price 


Solar Storage Tank 








Solar Storage Tank Pu'hip* 








Solar Storage Expansion Tank 








Drain Valve* — 






1 








1 ' 


Tees* 


• 












i 
1 


45^ Elbows* r, 
























Water Test Kit .\: 








Sight Glass (optional) J) 








Sensor'Well (optional) 








Relief Valve* 






i 


Insulation for Pipes and Components* 

































•Use these items only for jobs that have a water. h.eater with an external heat exchanger. i 

i 



Figure 20 5 A sample form for estimating the costs of storage system materials. 
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/ S •forage S ystem Ins/al 1 ati o/i La/l^or/Cos t s 



A sample f orm f o;/ es ti ma/^i ng/ th^ costs/of stora.ge syst 
stallation labo^is shoj/n \p Fyqure .6 . This fbrm i 
and benefit 



i nsurance 
costSs but ar 
should be inc/Uided 
compensati orj/^/PICA 
Cf ed e r a 1 a n4 7s t a t e 
that shouljd/be in 
normal ly /rjcl ude : 



frov; 



tem in- 
ncl udes 

sions wjrfch are actual ly /i ndirect' 
n c 1 ud/d h i^re f o r on v e n i 6n c e . It er/s that 
■ i of i a^rance/and taxes are: wo^kman^s 
Employ '^s sharef , unerapl oyme^t taxes 

ujri oa^ues j^and inspection fees. Items/ ^ 
udfd in the. employee benefits package^ vy^ul 
hpJKh arxi life insurance, paid vaca>i'onsi 



>hol i day" /n/^ sick^ess^^T^ bonus and perlsion platis, at/d 

any oth/r/empl o/ee/ 

'/ 



. STORAGE SYSTEM INSTALLATION 



Labor/ 111 



A7 



Instalrf Solar Stor-ap Tank; or . / 

Water P;4heatef Tank* J, .../. 

lnst^ll/txpansi(/n T/nK'. . v- • 

Instafil Pump* ../...../,. v -- 

PiBfe Loop*/ J 

onnect to Auxiliary Heater/ Cit/ Water* 
(water preheater only) ^ 

Inisepct and Check Piping Loop Agairrst 
Working Drawings & Specs 



No. Men 



Hours 



Total Cost 



Subtotal: 



-f^ill Storage Tank* ...y 

Treat Storage Water ; 

Start-up & Check-out Loop* 

Leak Repair Allowance* 

Insulate Loop Piping & Components* .... ./. 

Label & Identify Loop Parts* ./ . ■ ■ 

Paint and Clean-up* '■■.•■/•■/ 



Insurance and Taxes . 
Benefits . 



subtotal: 



Profit: 



Total: (adcl 3 subtotals and profit) 



'Use these items only for jobs that have a water heater with an external heat exchanger., / 
Figure 20.6 A sample form for estimating the costs of storage system lnstallati,0n labor. 
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Heat-Delivery Loop llatefials Costs 



i 



The costs for the he 
stages --ma ten* al s , t 
selected may affect 



at-delivery loop .are best estimated in two 
hen labor. In many cases, the materials 
the labor costs for installation. 



A sample form for estim'ating the costs of heat-delivery loop 
materi al s is shown in Figure 20.7. 



HEAT DELIVERY LOOP MATERIALS 



Materials. By Item 



Model 



Cost Estimate 



Job Price 



Filter. Heat Delivery Manifold .|. 

3-Way Valve. Heat Delivery ^anifqli 
3-Way Valve, Heat Return Manifold 

Solar Fan Coil 

Heat Pump 

Water Preheat Tank .1 

i 

Auxiliary Building Heater | 

Coil Chamber and Plenum l 

} 

Blower. Solar fan Coil .| 

Expansion Ta|^ ] 

Pressu?^ffi*f^*6fature Relief Vajvel 

'^Pump. Watir Preheater 

Pump. Solar Fan Coil 

Pump. Heat Pump 

2-Manual 3-Way Valves 

Check Valve .> 

Differential Controller. Preheater Tank 
Controller Heat Delivery System 

Cooling Tower (optional) 

Heat Delivery Ldop Piping 

Tees : , 

Elbows J 

45° Elbows ^ ...... 

Miscellaneous Fittings 

^Insulation for Pipes and Components , 



Total: 



Figure 20 7 A sample form for estimating the costs of materials for the heat-delivery loop. 
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Heat-Delivery Loop Installation Labor Costs 



sample form for estimating the costs of heat-delivery loop 
installation labor is shown^in Figure 20.8. • This- form includes 
insurance and benefit provisions which are actually indirect 
costs, but are included here for convenience. Items that Should 
be included in insurance and taxes are: workman's compensation, 
PICA (employer's share), unemployment taxes (federal and Statfe), 
union dues, and inspection fees. Items that should be included 
in the employee benefits package would normally include: health 
and life insurance-, paid vacations, holiday and sickness allow- 
ances, bonus and pension plans, and any other employee benefits 



HEAT DELIVERY LOOP INSTALLATION 



ERLC 



Labor Items 



transport Components to Job Site . . . . . 

Install Water Preheater 

Install Solar Coil Chamber . . . .v 

Install Solar Fan Coil Slower 

Install Solar Fan Coil 

Install Heat Pump 

Install Ductwork to Cold Return 

Install Auxiliary Building Heater : 

Install Expansion Tank 

Install Cooling Jower (optional) 

Pipe Delivery/Return Manifolds 

Pipe Water Preheater 

\Pipe Solar Fan Coil 

Pipe Heat Pump 

Pipe Auxiliary Heater — 

Pipe Cooling Tower (optional) 

Install Water Preheater Controller 

Install Heat Delivery Controller.. 

Inspect and Check Piping Loop Against 
Working Drawings & Specs . . .^^^^^ 



n. 



No. Men 



Hours 



Labor Rate 



Subtotal: 



Fill System Loops 

Start-up and Check-out Loops . . - 

Leak Repair Allowance 

Insulate Piping & Components . . 

Label & Identify Loop Parts 

Type Instruction/Service Manual 
Paint and Clean-up . 



Subtotal: 



Insurance and Taxes , 
Employee Benefits . . 



Subtotal: 
Profit: 
Total: 



Total Cost 
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Subc ontracted Services 

A sample form for estimating the costs "of any subcontracted 
services is shown in figure 20.9: This form makes allowance 
for estimating and pricing machi nery rental and work per- 
formed by other trades. 



SUBCONTRACTED SERVICES 

Item ' ' 

Cran€. for Collector Hoisting , . , 

Excavating, for Footings, Foundations, Tank 

Electrical Wiring of Components and Controls \ 

Sheet Metal. Heat Distribution to House , 

Masonry, for Stacks, Tanks, Walls 

Insulating, for Components and Piping , 

Roofing, Repair and Renewal , \ 

Inspection/Permit Fees 



Cost Estimate 



Job Prici 



"7^ 



Total: 



Figure 20 9 A sample form for estimating the costs of subcontractecJ services. 



Spaces are given in the form for estimated costs as well as 
the quoted prices. Job price minus estimated cost equals the 
gross estimated profit. By splitting out the estimated profit 
on each item, you can plan the proper markup for that service. 
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Education Costs 



ERIC 



A sajnple form for estimating education costs is shown below. 
This form covers your costs for reference books> attendance 
at solar installer schools, travel and expenses for manufac- 
turer technical services or consul tati on • These costs are 
part of your investment in becoming a knowledgable solar 
contractor. They should be recovered during the first year 



of work 



EDUCATION SERVICES 



EDUCATION ITEMS 


COST ESTIMATE 


JOB PRICE 


ASHRAE Handbook of Fundamentals 










ANSI A 58.1 (1972) Bui'lding Code Require- 






FHA: Intermediate Minimum Property 
Stds. Supplement, Solar Heating 
and Domestic Hot Water Systems . . . . \ 

ARI Std 410: Forced Air Cooling 

and Air Hpat i na Pni 1 q 

NFPA 90A: (1976) Stds for the 
Installation of Air Con- 
ditioning and Ventilating 








• 






NFPA QDR- ^tHQ for thp Tn- 
iirrfA yyjD • ouub TUi uric iM 

stallation of Warm Air Heating 


1 




Other: 












Manufacturers Technical Servfce. .... 














Total : 







Spaces are given for estimated costs as well as the quoted prices 
Job price minus estimated cost equals the gross estimated profit. 
By splitting out the estimated profit on each item, you can plan 
the proper markup for that material or service. 
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Overh ead And Mi scell aneous Expenses 

A sample form for estimating the costs of your ioverhead and 
miscellaneous expenses is shown in Figure 20.10. This is where ^ 
you add your expense of being in business to the price quotation. 
Your office, your shop, your tools, your supervi^sion should be 
included in the job price. So should such costs as those for 
vandalism, drawings, legal fees, performance bonds, warrantees, 
and maintenance contracts. • ^ 



OVERHEAD. EXPENSES 



Item 



Cost Estimate 



Job Price 



Shop Overhead 

Office Overhead 

Tool Allowance 

Transportation Allowance 

Supervision Allowance 

Loss and Liability Insurance 

Breakage and Vandalism 

Working Drawings and Specifications 

Contracts and Legal Fees 

Contingency Allowance 

Performance Bonds 

System Warrantee and Maintenance Allowance . 



Tolil: 



Figure 20 10 A sample form for estimating the costs of overhead and miscellaneous expenses. 

Spaces are given for estimated costs as well as the quoted 
prices. Job price minus estimated cost equals the gross es- 
timated profit. By splitting out the estimated profit on each 
item, you can plan the proper markup for that item of expense. 

^ Job Pricing 

Much of your success in business will depend on how well you 
price your goods or servi ces . If your prices are so low that ^ 



your margin does riot cover expenses, or 
build up sales volume, you will fail to 



so high that 
make profits 



you can't 



In operating your business, you will have to decide upon the / 
general price level you expect to mai ntai n; that is, whether/ 
you ^pect to cater to preople buying in- the high, medium or 
low price range. This is. tied up with your choice of location 
quality of goods handled, and services to be offered. 



er|c 
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After establishing the general price policy, you are ready to 
price individual items. To be certain that you do not under- 
price, you should know the percentage of gross margin to sales 
needed in the total of all items to cover expenses and profit. 
If you have been in business a year or longer, you can analyze 
your past records and find out the percentages for operating 
expenses and net profit. ^ If you are just starting a business, 
you will have to estimate your sales i^nd expenses carefully. 
Suppose you figure the margin you need to be 30 percent of 
sales. To obtain, a 30 percent gross margin on an item^, you 
must mark up its cost to you by 42.9 percent. This is because 
margin is a percentage of sales, while markup is a percentage 
of cost of merchandise. 

However, in this example, you would not obtain 30 percent margin 
if each individual item were marked up only 42.9 percent. ^ No. 
allowance has been made for markdowns and shrinkage in this 
markup. Markdowns are reductions from the original selling 
prices. Among the reasons for them are overstocking as a Re- 
sult of unwise buying, sudden changes in style, unseasonable 
weather, soiled and faded goods used for displays, and broken . 
lots. "Shrinkage" is the term used for losses due to theft, « 
spoilage, and breakage. Allowances for markdowns and shrinkage 
must be added if you expect to maintain an average markup of 
42.9 percent, or, to put it another way, a margin of 30 percent. 

'While the discussion of pricing may appear, in some respects, 
to be directed only to the pricing of merchandise in retail 
stores, it can Be applied to other types of businesses as 
well. For services, the markup to cover selling and adminis- 
trative costs should be placed over the direct cost of perform- 
ing V parti cul ar service. If you are manufacturing a product, 
the costs of .direct 1 abor , ma teri al s and supplies for produc- 
tion, parts purchased from other concerns, special equipment 
(such as jigs, di.es , fixtures ;, and other tools)^ plant over- 
head, selling and administrative expenses, must be carefully 
estimated. To compute a cost per unit will require an esti- 
mate of the number of units you plan to produce, . 

Not all items are marked up by the 'average mark-up. Some will 
take more, some less. For instance, i ncreased saljss resulting 
from a 1 ower- than-a verage mark-up on a certain item may bring 
a higher gross profit. On the other hand, if the price is 
lowered too much, the resulting increase in s'ales will not raise 
the total gross, profit enough to compensate for the low price. 
Above all, competitors' prices will govern your prices. You 
cannot sell a product if your competitor is greatly underselling 
you. 

These and other reasons may cause you to vary your mark-up among 
items and services. There is no magic formula that will work on 
every product or every service all of the time. But you should 
keep in mind the over all average mark-up which you heed to make 
a profit. 
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The Job Quotation 

A realistic price is easy to calculate if a step-by-step method 
using forms similar to those introduced in preceeding discus- 
sions is employed. Simply, total the various prices on each of 
the forms compiled; you can use a sample form such as the fol- 
lowing. ' V 



JOB PRICE 



Engineering Services $: 

Building Modifications . $_ 

Collector Loop Materials . $_ 

Collector Loop Labor ......... $_ 

Storage Loop Materials ........ $_ 

Heat-D61 i very Loop Materials ..... $_ 

Heat-Delivery Loop Labor ....... $_ 

Subcontracted Services . 

Education Costs $_ 

Overhead and Miscellaneous % . . . . $_ 

Total Job Quotation: ^ $ 



This method uses just a few easy steps to a' price you can live 
with; one that covers obvious costs as well as not-so-obvious 
costs. And one that will insure value for the owner's invest- 
ment and a fair return for the contractor's materials and labor. 

This is not the only method that can be used. A variety of con- 
tractor quotation programs exist; none of them are perfect and 
never will be as long as 1 abor , weather , and dozens of suppliers 
are involved. 

The decision to bid the job belongs to you, the contractor . If 
you do, this pricing method will help you to determine a<fair 
price for both you and the customer. 



SoTar Appraisals By Engi neeri ng Fi rms 

Is solar a good investment for the consumer? The question is. 
simple, the answer is complex. 
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There are times when a solar system is not a smart purchase, 
when c&nventional systems are a better buy. Analysis may find 
that initial costs are prohibitive, or that the time period to 
pay back the investment is too long for the consumers needs. 
Or that some of the unknowns about solar, such as solar rights 
and property appreciation or depreciation, are too risky. 

An examination of several examples of solar appraisals by an 
engineering firm (given in subsequent sections) will show that 
this firm recommended solar systiems in some instances, while 
vetoing it in other cases.. The appraisals are normally con- 
ducted for a small fee which should be reasonable and for it 
the buyer is assured of quality eval uati ons--speci f i c adv i ce 
on how to save on energy costs. Risks were reduced to a mini- 
mum, and the buyer may have saved himself thousands of dollars 
by taking the engineer's advice. 
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Solar Appraisal By An Independent Engineer 



Case I 




May 30, 1975 



Dear 

The evaluation of your home's solar heating and energy conservation potential is com- 
plete and a synopsis of the results is given below. A detailed analysis is enclosed in the 
work sheets attached to this letter. In our analysis, the projected cost of electrical 
energy was used to determine how much solar energy and improved insulation would 
save you over a fifteen-year period. This cost savings was used to select an optimum 
system for you. However, projecting energy costs is risky because the effects of oil 
embargoes or of the President placing taxes on oil cannot be accurately determined. 
The projection data that we use was taken from a government report and probably 
underestimates future energy costs. Therefore, (company) expects you to save more 
than the amount we have stated in this evaluation. 

The following is a synopsis of the evaluation results: 

1. Your present home requires 38,500 Btu/degree day* for home heating and 
domestic hot water. This presently costs you $1200 per year. In fifteen years, based on* 
projected energy costs, you would spend $2200 per year for the same. Accumulating 
all the yearly costs ofer a fifteen-year period, ypu would spend $26,257 to heat your 
home and hot water. 

2. Your home insulation can be improved which will lower your annual heating 
bill. (Company) recommends the addition of stonn windows and dOors, insulating the 
hot air ducts and adding an additional three inches of insulation in the ceiling. 
Although you presently have thermopane windows and doors, storm doors and 
windows would reduce infiltration losses. These insulation improvements would lower 
your heating load by 21% and save you $251 per year at present energy costs. Using 
projected energy costs, over the course of fifteen years, these insulation improvements 
would save you $5492.08. 

3. An operational schematic of the solar heating system is attached. It uses water 
as the heat transfer media and will provide domestic hot water as well as home heat. In 
the summer, excess solar heat not needed to heat the domestic water could be used to 
heat the swimming pool. 

4. Two solar heating system sizes were optimal. The solar heating system 
(company) recommends would have a solar collector area of 500 squsure feet, and 
would be mounted on modules in ydur backyard. Since your home faces 41 degrees 
away from south, solar collector placement on your roof was unadvisable. A diagram 
of this system, shown with the proposed swimming pool, is also attached. (Company) 
recommends this solar heating system be considered only in conjunction with the 
improved insulation package. ' «^ 

*A degree-day is an engineering measure of the amount of heat your home requires 
based on local weather data, A Btu is a unit of heat. 




5. The other solar heating system optimized has an area of 800 square feet. 
However, since a larger system is more costly, and the recommended sysWm is 
mounted on modules, additional collector area could be added to the recommended 
system at a later date. 

6. The recommended 500 square feet system would supply 35% of the yearly 
heating load of the recommended betteV insulated home, fhis system (recomihended 
system No. 3 of the work sheets) would, in combination with the insulatioij^packag^ 
save you $608 per year, or over half of what you are presently paying. UsjtAe printed 
energy costs, this solar heat and insulation package would/Save you $13,288 owf the- 
course of fifteen years. , . j ^ 

7. The solar heating system is estimated to costpO per square foot yielding 
cost of $10,000. The insulation improvements are estimated to cost^.OOO. Thc/total 
package cost is estimated to be $12,000, and shoul^^ pa/ for itsel0i about thirteen 
years. A firm fixed price for the package would be/quoted whprt a sojar heating instaUa- 
tion contract is negotiated . If you install the system yourself, (company) sumilying 
plans, technical advice and materials, the solar heating system-cost could be^educed to 
$6,500. • ll 

8. The excess solar heat obtained in the summer months cto be us^d to heat you 
pool at a savings of $290 per summer at present energy costs.,Using profected energy 
costs, over the course of fifteen years, the excess solar Heat would skve you a^i 
additional $6,300. This excess solar heat, in combination With a miol cover,>hi 
(company) recommends, would raise the pool water temperature ^degrees o-jet tb 
an unheated, uncovered pool. / /. /■/jl 
The following table lists our recommendations, their costs, and ypur expend S^^JJ^. 

PROJECTED SAVINfis OVER 

Fifteen years 

/ $ 5,492 

/i3,2f88 
" (includes wisulation) 




RECOMMENDATION 
Insulation Package 

500-squ are-foot 
solar heating 

Solar pool heat 

Total 



ESTIMATED COST 
$ 2,000 

10,000 



12,000 



6,300 
19,588 



/ 



If you have any questions about this evaluation, please feel free to contact us. 
Sincerely, 



Enclosures: (1) Worksheets 

(2) Operational Schematic 

(3) Collector Array Diagram 

(4) Solar Profile 



Solar Heating Potential Survey ^ 



DATE: May 30, 1975 

NAME: 

ADDRESS: 

SURVEYORS (S): 

SURVEY ijslFORMATION ATTACHED: yes 



PRESENT HEATING LOADS AND REQUIREMENTS 



DOMESTIC HOT WATER 
MINIMUM 
MAXIMUM 



LOAD PRESENT ESTIMATED COST 

440 k\A/h/ma ' . $15.OO/m0 

880 kWh/mo /30:00/mo 



PRESENT HOME HEATING REQUIREMENTS: 

HEATING BILLS: Analysis of your home heating bills in conjunction with local 
Aweather data yields a home heating foad of 38,500 Btu/degree- 
day. J 

CONSTRUCTION DETAILS (Drawi/igs available):, 
ITEM 

CEILING 

CEIL|NG (other) 
WALLS (exposed to dirt) 
WALLS (exposed to air) 
WALLS (to unheated space) 
WALLS (other) 



AREA (ft^) ; 


NdTES 


2.718 


6" insulation 


0 




200 


block 


1.936 


3.62" Insulation 


^ 0 




435 


block to air 


400 


thermopane 


13 


skylight 


560 


6'' insulation 


644 




* 2.592 




0 




b' 





WINDOWS AND S O. DOORS 
WINDOWS (other) 
FLOOR (craWl space) 
FLOOR (unheated space) 
FLOOR (dirt) 
FLOOR (other) 
ADDITIONAL 

Analysis of yogr home construction d0tails yields a home heating load of 39,950 Btu/ 
degree-day. ^ ' 

HOME HEATING LOAD USED IN THIS EVALUATION: 38.500 Btu/degree-day 



ESTIMATED YEARLY HEATING LOAD. INCLUDING HOME HEAT AND DOMESTIC HOT 
WATER 
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Blu/year 
211 X 10« 



kWh/year 
61.8 X 103 



Present Cost 
$1,200.00 
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PRESENT COST OF HEATING ENERGY: $0.02/kWh . 

INSULATION EVALUATION 

WINDOWS: Add storm windows to reduce infiltration losises 

SAVINGS: Reduce heat load by 6 percent , 
COST: 

DOORS: Add storm doors to reduce infiltratiori losses 

SAVINGS: deduce heat losses by 7 percent 
COST: , , 

FLOORS: None 

. ^ ■ ■ •. 

SAVINGS: 
COST: ' 

CEILING: Increase insulation thickness from 6 inches to 9 inches 

SAVINGS: Reduce heat load by 2 percent 
COST: 

WALLS:. None 

SAVlisJGS: 

COST: ' \ 
OTHER: Insulate exposed air ducts with 3.5 Inches insulation 

SAVINGS: 10 percent 

COST: ' 
INSULATION iMPROVEfSlENT EFFECT ON PRESENT YEARLY HEATING LOAD 









YEARLY SAVINGS 


PRESENT HEAT 


UNPROVED HEAT 


IMPROVED HEATING 


USING PRESENT 


LOAD 


LOAD 


COST 


ENERGY COSTS 


61,800 kWh/yr 


47,400 kWh/yr 


$949.00/yr 


$251.00/yr 



TOTAL COST OF INSULATION If^PROVEf^ENT RECOf^f^ENDATIONS: 
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SOLAR HEATING SYSTEM APPLIED TO YOUR HOME 



LOCATION OF TliE SOLAR COLLECTOR ARRAY; 



The best and easiest' to install 
location for the solar collectprs 
would be Jn the backyard.] A 
diagram of this array, shown 
together with the proposed swim- 
ming pool is included in this 
evaluation. 



LOCATION OF THE STORAGE TANK: 



The' heat storage tank would best 
be located in$ide the structure 
which , holds the solar collector 
array. 



OTHER CONSIDERATIONS: 



This evaluation will also consider 
the solar heating impact on a 
proposed swimming pool. 
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Solar Heating System ' 



RECOMMENDED SYSTEM #1 >^ 

COLLECTOR AREA: 800 square feet 
ORIENTATION: See diagram 

STORAGE TANK SIZE: 1200 gallons 

STORAGE TANK LOCATION: Backyard 



LOCATION: Backward 
TILT ANGLE: 55 degrees 



System" Performance. Details 



MONTH 


PRESENT HOME 


HEAT SUPPLIED BY 


PERCENT 


EXCESS HEAT. 




HEAT LOAD/MO 


RECOMMENDED SOLAR 


SOLAR 


(FOR. POOL) 




(Million Btu) 


HEATING SYSTEM 


HEAT 


(Million Btu/mo) 






(Million Btu/mo) 






JAN 


40.8 


8.2 


20 




FEB ^ 


35-0 


9.0 


25.7 




MAR 


29.2 


11.5 * 


39.3 




APR 


15.2 


12.3 


80.9 




MAY 


6.6 


6.6 


100 


7.7 


. JUN 


17 


1.7 


100 


..'^3.6 


JUL 


1.6 . 


1.6 


100 


15.1 


AUG 


1.6 


1.6 


100 


16.3 


SEP 


3.2 


3.2 


100 


13.0 


OCT 


12.8 


t2.8 


100 


/ 2.8 - cf 


NOV 


. 24 9 


10.6 


42.5 




DEC 


38.5 


7.7 


20 




TOTAL 


211.1 


86.8 






PRESENT YEARLY HEATING BILL SAVINGS FOR ABOVE SYSTEM USING PRESENT 


ENERGY COSTS: $488.00 







PROJECTED YEARLY HEATING COSTS WITH AND WITHOUT SOLAR HEAT 



TIME 


PRESENT HOME 
HEATING COSTS 
NO SOLAR HEAT 
$/YR 


PRESENT HOME' 
HEATING COSTS 
W/SOLAR HEAT 
$/YR 


PROJECTED • 
YEARLY SAVINGS 


PRESENT 


1.200 


712 


' 488 


IN 5 YEARS 


1.532 


910 


622 


IN 10 YEARS 


1.866 


1.108 


758 


IN 15 YEARS 


2.198 


,. 1»305 


893 


ACCUMULATED COST^^ 






10.668 


AND SAVINGS 


26,257 


15.596 



ESTIMATED- COST OF iNSTALL^NG SOLAR HEATING SYSTEI^ $20.00/ft2 = $16,000.00 

...^ ^ ■ .■ ^ 

NOTE: this system would take about 20 years to pay for itself. ^ 

* The cost of solar heating system is only an estimate used in this evaluation. Although the estimate 
should not change by much a fititi fixed price would be quoted when a solar heating installation 
rnntrjirt npnntlpt«f1 
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RECOMMENDED SYSTEM #2 

COLLECTOR AREA: 800 square feet 
ORIENTATION; see diagram 
STORAGE TANK SIZE: 1200 gallons 
STORAGE TANK LOCATION: Backyard 



LOCATION: ^ Backyard 
TILT AfJGLE: 55 degrees 



OTHER CONSIDERATIONS: 



Assume home to be jnsulated to above 
recommendatioi!)^. Home heating load 
reduced tp 47,400 kWh/yr. 



PERCENT Of YEARLY* heating BILL SUPPLIED BY ABOVE SOLAR HEATING 
SYSTEM: 52.7 percent for insulated home above, based oh 47,400 kWh/yr 
usage. 



PROJECTED YEARLY HEATING COSTS FOR UPGRADED INSULATION 
HOME WITH AN SOO^SQUARE FOOT SOLAR HEATING SYSTEfsyi 



Time 



Present home, 
present insulation 
no solar 

$/yr 



Insulated home 
with solar heat 

' $/yr 



Projected 
yearly savings 
\ S/yr 



present. 
In 6 years 
In 10 years 
In 15 years . 

Accurhutated 
costs land 
savings in 
15 years 



1.200 
1.532 
'1.866 
2,-^98 



26,257 



.448 
.^549 
'696 
820 



9,516 



- 752 
983 
1.170 
1.378 



16,731 



ESTIMATED* COST OF INSTALLING SOLAR HEATING SYSTEM: 
for insulation = $18,000 

NOTE: This system v/ould pay for itself in about J6 years. 



$20/ft^ plus $2.00Q 



*The cost of solar heating systenn is only an estinnate used in this evaluation. AJthough the 
estimate should not change by nnuch. a firm fix^ price would be quoted wh#n aVsolar 
heating installation contract is negotiated. " , <i. 
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LOCATION: Backyard 
TILT ANGLE: 55 degrees 



RECOMMENDED SYSTEM #3 

COLLECTOR AREA: 500 square feet 

\IENT^TION: See diagram 
STORAGE TANK SIZE: 750 gallons 
STORAGE TANK LOCATION: Backyard 



OTHER CONSIDERATIONS: Consider home to t>e Insulated to recommenda- 
tions. Home heating load estimated to be reduced 
tb 47,400 kWh/yr, 

tt 

PERCENT OF YEARLY HEATING BILL SUPPLIED BY ABOVE SOLAR HEATING 
SYSTEM: 35.6% of insulated home above, based on 47.400 kWh/yr usage. 



PROJECTED YEARLY HEATING COSTS FOR UPGRADED INSULATION 
HOME WITH A 500 SQUARE FOOT SOLAR HEATING SYSTEM 



Time 


Present home 
present insula- 
tion, no<8olar 

$/yr 


Insulated home 
' with solar heat 
$/yr 


Projected 
yearly savings 
$/yr 


Present 


1.200 


. 610 


590 


In 5 years 


1.532 


• . 748 


784 


In 10 years 


1,866 


949 


9^7 


In 15 years 


2.198 


1,117 


1,081 


Accumulated 








costs and 








savings 


26,267 

-4 • 5 


12.968 


13.288 



ESTIMATED* COSTS OF INSTALLING SOLAR HEATING SYSTEM: $20/ft' plus $2,000 for 
Insulation Improvements = $12,000 

NOTE- This system would pay for it§elf in about 13 years. 



*The cost of solar .heating system is only an estimate used in this evaluation. Although the 
estimate should not change by much, a firm fixed price would be quoted when a solar heating 
installation contract is negotiated 
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SOLAR HEATING SYSTEM FOR POOL 



POOL SIZE; 40 ft by 20 ft by 5 ft '(average) . 

POOL "LOCATION; Backyard, between house and collector array 

SOLAR COLLECTOR SIZE: 500 square feet ^ 

NOTES: Collector used for home heat. Excess in the summer time will be used to help 
heat pool. Heat input from standard pool heater was not considered. 

POOL COVERING: A pool cover was considered. It would be in place 12 hours per 
day. 

WATER TEMPERATURES tNPOOL. DEGREES FAHRENHEIT 



Pool cover Average 
no solar air temp 
heat 



May 63 64 

Jun 70 72 

Jul 73 75 

Aug 70 73 

Sep 64 66 



No pool No pool Pool cover 

cover, cover, solar heat 

Montn / . ' » 

no soiar solar neat 

heat 



68 67 66 

77 74 74 

81 77 79 

78, . 74 77 

71 67 70 



TOTAL AMOUNT OF ENERGY SUPPLIED TO POOL DURING SUMMER MONTHS: 
49.6 million Btu 

TOTAii^AMOUNT OF ENERGY SUPPLIED TO POOL DURING WINTER MONTHS: 0 

ESTIMATED ENERGY COSTS FOR CONVENTIONAL POOL HEATER: $0.020/kWh 

summer 
0.0 winter 

ESTIMATED ENERGY SAVJNGS PER YEAR USING SOLAR HEAT FOR POOL: $290.00 

COMMENTS: Solar augmented pooL^ieat with a pool cover used 12 hours per dd^would 
♦ . raise the pool water temperature by about 7 degrees as compared to an 
unheated, uncovered pool. 
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Solar Appraisal By An Independent Engineer Case II 



July 17, 1975 

Dear *^ 

An evaluation of the energy required for the home you plan to build is complete and 
a synopsis of the results is given below. A detailed analysis is enclosed in the work 
sheet attached. In our analysis, the projected cost of energy was used to determine 
how much solar energy and various wall construction woujd save you. However, pro- 
jecting energy cost is risky because the effect of oil embargoes, taxes, and energy 
legislation cannot be accurately determined. The projection data that we used was 
taken from a government report and probably underestimates future energy costs. 
Therefore, [company] expects you to save more than the amount stated in this, 
evaluation. 

Sincerely 



President, 



Enclosures 



SYNOPSIS OF EVALUATION RESULTS 
The following is a synopsis of the evaluation results: 

1 . The calculated heating requirement of your home is 1 15.8 million Btu's per year using 
the heat loss data presented in the attached worksheet. 

2. The walls were assumed to be '/^-inch dry wall on 2-inch by 4-inch studs, with 
fiberglass Insulation, with W plywood exterior sheathing finished with V4-inch cedar boards 
with batting strips. We recommend that you do not have an air space under the y4-inch cedar 
as this will save only 2 Btu/FtVDegree Day and will have to spend a large amount of time 
and money assuring that there is no Infiltration losses. If you nail the y4-inch cedar directly 
to the '/^-incb sheathmg and then nail on the batting strips, you will have a much stronger 
construction and minimize the effect of Infiltration. 

3. We have calculated the heat loss of the windows, doors, walls and ceilings for various 
types of construction. Considering the estimated cost of these various wall constructions, 
we recommend that you consider a wall constructed of 2- by 4-inch studs with' Vinch 
Polyurethane Foam (PF) and 3-inch Urea Foam (UF) sprayed on before the interior of your 
studs are closed up This type of construction offers very effective thermal and acoustic 
insulatipn The PF forms a vapor barrier gnd cuts infiltration losses. The UF is cheaper and 
protects the PF from fire. 

4 The conduction and infiltration losses of the sliding glass doors is substantial, 
comprising 26 percent of your heat lofd We recommmd th«t you tdKe 9 careful look at 
the^e losses. Our calcuiartfons were based on instaUation that wao made usmg caolk/nj, 

weather stripping and good construction techniques. If you do not make sure that these 
doors are qf high quality and are installed properly, you can expect to realizemfiltration 
losses as large as two times those calculated 
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5 Shading is another Important (actor to consider. We estimate that the output from a 
solar heatmg system will be degrated 25 percent if you clear all trees, taller than your house, 
on the east, south, and west side of your house that are closer than 60 feet. If you clear these 
same trees that are within 95 feet, you will realize little shadingeffect. If you do not clear any 
trees, we would not recommend solar heat for your home. 

6. The enclosed system performance dat^ 5heet compares five systems from 100 to 500 
ft'. The 100, 150, and 200 ft^ systems provide heat only for domestic hot water. Systems of 
300 ft' and larger provide heat for both domestic hot water and home heat, interpretation of 
this data yields the following' conclusions. 

a. Solar home heat is not economically advantageous for your home as compared to 
oil heat. This is attributable to a combination of your shallow roof, the present relatively low 
cost of oil heat, and the present high cost of a solar collector. 

b. A domestic solar hot water heater system could provide 5Sto 79 percent of your hot' 
water need and pay for itself in 10 years. 



Present Heating Loads and Costs 



Domestic hot water 




Present estfmated 


(eiectrically heated) 


Load 


cost 


2 persons 


3662 kWh/yr 


$148/yr* 


4 persons 


7325 kWh/yr 


. $297/yr* 



'Based on cost of $.0405/kWh 



Analysis of your liome construction details yields a home heating load of: 

23,139 Btu/degree day 

This heat load, in qonjunction with local weatheV, yields a home heating requirement of: 

t15.98 X 10* Btu/yr 



Home heating 


Load 


Presented estimated 
cost 


Electric: 






@ $.0405/kWh 


43,862 kWh/yr 


$1.776/yr 


Oil: 






@ $.40/gal 


\ •115.98 X 10* Btu/yr 


$332/yr 
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neai loss 


MppiL/Alllldlo UwOl 


1 ypo consiruciion 


Diu/Ti vuog uay 


^/ 1 1 


Glass. Single 


13.0 




Glass. Double Space 


9.1 




Glass. Single + Storm Windows 


9.9 


— 


Frame. 2" « 4" with 3'/i" Fiberglass 


1.8 


.4* 


Frame, 2" « 4" with 3'/i" Fiberglass + 1" Air 


1.7 




Frame. 2" ^ 4" with W PF + 3" UF 


. 1.3 


.8" 


Frame. 2" k 4" with PF + 3" UF + 1" Air 


1.05 




Frame, 2" x 6" with 5'^" Fiberglass 


1.13 


.55* 


Frame. 2" « 6" with W PF + 5" UF 


.76 , 


1.0** 


Block. 8" 


6.5 




BIbck. 8" 1" Air + Interior 


4.0 




Block, 8" W Styrofoam + Interior 


3.6 




Block. 8" 3V^" Fiberglass 


1.2 




Block. 8" %" PF + 3" UF 


.92 




Roofing. Shingles only 




.4 (installed) 


Roofing. 2" wood, 2'^" PF + Shingles 


1.14 


1.95** 


Roofing, 2W' PF only 




t.OO 



* Cost, of frame materials (interior and exterior materials not inclu|led). 

"Same as above wit^ insulation installed, 

e 




House Heating Load 





Area 


Pet of total 


Loss factor 


Loss 


Pet of total 


Components 




area 


Btu/ftVdeg day 


Btu/deg day 


loss 


Windows. Fixed 


383 


6.0 


9.1 


3.485 


16.1 


Windows. Sliding 


45 


.7 


9.1 


410 


1.8 


Infiltration windows 


428 


6.7 




525 


2.3 


Doors. Swinging 


28 


.4 


9.1 


255 


1.1 


Infiltration doors. Swinging 


28 


.4 




367 


1.6 


Doors. Sliding 


306 


4.8 


9.1 


2,785 


12.0 


Infiltration doors. Sliding 


306 


4.8 




3,244 


14.0 


Ceiling 


1,784 


28.3 


1.14 


2.034 


8.8 


Wall 8" block 


317 


5.0 


6.5 


2.061 


8.9 


Wall to garage 


272 


4.3 


4.36 


1.186 


5:1 - 


Wail to fill 


592 


9.4 


2.35 


1.390 . 


6.0 


Wall frame 


922 


14.6 


1.8 


1.660 


7.2 


Floor to fill 


1.389 


22.0 


2.34 


3,250 


14.0 


Floor to garage 


264 


4.2 


1.89 


500 


2.2 
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Projected Heating Costs 



TIME 


ELECTRIC - HOT WATER 
OIL - HOME HEATING 


TOTAL ELECTRIC 




Rate increase 
of 5.55 pct/yr 


7 pct/yr 


5.55 pct/yr 


7 pct/yr 






TOTAL COST 






Present 
In 5 yrs 
In 10 yrs 
In 15 yrs 


$ 630/yr 
806.4/yr 
1,008/yr 
1,160/yr 


$ 630/yr 
850.5/yr 
1,071/yr 
1,292/yr 


$2,073/yr 
2,080/yr 
2,533/yr 
2.984/yr 


$2,073/yr 
2.199/yr 
2J69/yr 
3,280/yr 




ACCUMULATED COSTS 






In 5 yrs 
In 10 yrs 
In 15 yrs 


3,567/yr 
8,063/yr 
13,292/yr 


3,701 /yr 
8,506/yr 
14,412/yr 


9,273/yr 
20.805/yr 
34,590/yr 


9,568/yr 
21.986/yr 
37.253/yr 



Monthly Heating Requirements and Available Solar Energy 



Month and 
no. degree 
days 


Home heat 

load/mo 
(million Btu) 


Hot v/ater 
ioad/mo 
(million Btu) 


Total 
load/mo 
(million Btu) 


Available solar 
energy/mo 
Btu/ft2 


Jan. 1.020 


23.60 


2.07 


25,67 


6,448 


Feb. 874 


20.25 


2.07 


22.32 


* 7.812 ' 


Mar. 719 


16.64 


2.07 


18.71 


11.191 


Apr. 357 


8.27 


2.07 


10.34 


12.480 


May 131 


3.03 


2.07 


5.10 


14,446 


Jun. 5 


.12 


2.07 


2.19 


15,150 


Jul 0 




2.07 


2.07 ■ 


15,779 


Aug. 0 




, 2.07 


2.07 


14.973 


Sep. 43 


1.00 


2.07 


3.07 


12.990 


Oct. 291 


7.72 


2.07 ' 


9.80 


11.222 


Nov. 609 


14.10 


2.07 


16.17 


^7.950 


Dec. 961 


22.24 


2.07 


24.31 


""6.293 
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Solar Domestic Hot Water Heating^ System 



Recommended system 

Collector area: 100 . 

Orientation: S 15** W 

Storage tank size: 250 

Storage tank location: Basement 

System Performance DetaiUs 



Month 


Hot water 


Heat supplied by 


Percent 




heating load/mo? 


recommended 'solar 


sol^r^ 




(million Blu) . 


system 


heat 






(million Biu/mo) 




Jan. 


2.07 


.66 


31 


Feb. 


2.07 


.78 


39 


Mar. 


2.07 


1.12 


^'::,v''S4 : 


Apr. 


2.07 


1^5 


60 


May 


2.07 


1.44 


70 


Jun. 


2.07 


1.52 


73 


Jul. 


2.07 


1.58 


76 


Aug. 


2.07 


1.50 


72 


Sep 


2.07 


1.30 


63 


Oct. 


2.07 


1.12 


54 


Nov. 


2.07 


.a 


39 


Dec. 


2.07 


.63 


30 


Total 


24.84 


13.69 




Present yearly heating bill savings for above system using present energy costs: $163 


Projected Yearly Heating Costs with and Without Solar Heat 


Time 


Present 


Present 


Accumulated 




heating costs 


heating costs 


'Savings 




no solar heat 


w/solar heat 






$/yr 


$/yr , 




Present^ 


297 


134 


163 


In 5 yrs 


380 


171 . 


9^8 


In 10 yrs 


475 


214 


2,082 


In 15 yrs 


547 


246 


3.462 



Location: Roof 
Tilt angle: 18^ 



Estimated' cost of installing solar heating system: @ $20/ft* = $2,000 

* The cost of solar heating system is only an estimate used in this evaluation. Although the estimate 
should not change by mucK» a firm fj^ed price would be quoted when a solar heating installation 
contract »s negotiated. 

NOTE: This system would take about 10 years to pay for itself. 
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System Performance Data 





Energy 






Estimated accumulated 




Years for 


System 


provided 


Present 


Savings 


savings @ 5.55 pet 


gst, 
system 


savings to 
pay for 


size 


(million 


cost 


first 








' ft^ 


Btu/pct 


$.04/kWh 


yr 


In 5 yrs 


In 10 yrs 


In 15 yrs 


cost 


system 


100 


















Hot water 


137 


$297 


160 


$912 


$2,045 


$3,398 


$2,000 


10 


Heat 


















Total 


13.7 
55% 
















150 


















Hot water. 


19,74 


297 


231 


1,317 


2.952 


4,906 


3,000 


10 


Heat 


















Total 


19.74 
79% 
















200 
















12 


Hot water 


22.26 ^ 


297 


261 


1.487 


3,341 


5,544 


4,000 


Heat 


















Total 


22.26 
. 89% 
















300 
















14 


Hot water 


24.60 


297 


297 


1.603 


3,745 


6,223 


6,000 


Heat 


7.63 


303 


19.6 


112 


251 


417 






Total 


32.63 
25% 


600 


312.6 


. 1.715 


3,996 


6,640 






500 
















• 20 


Hot water 


25.0 


•297 


297 


1,693 


3,796 


6,308 


10,000 


Heat 


20.81 


303 


54 


307 


690 


1.147 






Total 


45.81 
35% 


600 


347 


1.910 


4,486 


7,455 
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S olar Appraisal By An Independent Engineer Case III 



/ 




Silver Spring, MD 20904 
Dear Mr. A 

The evaluation of your home's solar heating and energy conservation potential 
is complete and a synopsis of the results is given below. Detailed analyses are enclosed 
in the work sheets attached to this letter. [Conipany] has also included the effect of a ^ 
heat pump on your yearly heating costs in addition ta our normal analysis of a solar/ ^ 
heating system for your home. In all of our analyses the projected cost of electrical 
energy was used to determine how much solar energy heating systems (or heatl)ump 
systems) would save you over a fifteen year period. This cost- savings was used in 
selecting an optimum system for you. However, projecting energy costs is risky because 
the effects of oil embargoes or Presidential taxes cannot be accurately determined. The 
projection data that we used was taken frpm government reports ahd probably under- 
estimates future energy costs. [Company 1 expects you to save more than the amount 
we have stated in this evaluation. Throughout this report, we have used an energy cost 
inflation rate of 7%. • 
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Heating system capital recovery coists were not included in this evaluation. Since 
loan interest rates and periods vary, an accurate determination of investment money 
cost cannot be made. However, it is important to note that money costs will affect the 
systems payback period (the period of time after which the system operates for 
essentially free). There is sufficient data within this evaluation to allow you to 
determine the effect of money costs for your own situation. 

The following is a synopsis of the evaluatipn results; 

1. HEATING REQUIREMENTS- 

Your home requires 22.636 kwhr/yr for space heating and 5,110 kwhr/yr for 
domestic hot water heating. During the present year, these two items <wili cost 
you $903. In fifteen years, based on projected energy costs; you will spend 
$2,327 for the same energy. Accumulating all the yearly cbsts over a fifteen 
year period^you would spend $26,257 to heat your home and hot water. 

2. INSULATION EVALUATION- 

The insulation in your home is outstanding. However, if you should ever 
finish and heat your basement, [company] recommends the basement block 
wall be insulated. One type of insulation material could pe thick 
styrofoam boards that fit behind paneling. Since your basement is presently 
unheated and unfinished, the minor effect of basement insulation on your 
present heating requirements was not included in this evaluation. 

3. ENERGY CONSERVATION IMPROVEMENTS (HEAT PUMP)- 

The effect of an electric heat pump on your yearly heating bill was considered. 
A heat pump can reduce your space heating requirements (not hot water 
requirements) by approximately 30% in the Washington^ D.C, area. This 
would reduce the yearly total heating bill ixom $903 to $685 per year for a 
yearly savings of $218. Using projected energy costs, a heat pump would save 
your $5,475 over the course of fifteen years. An installed heat pump is 
estimated to cost $2,500 and would require 8^4 years to pay back its initial 
cost. We obtained unfavorable impressions about heat pumps from two local 
refrigeration/air-conditioning contractors. Their two main complaints were 
low reliability and high maintenance. However, it is possible that r,ecent heat 
pump improvements have dimished these problems. 

Hybrid heat pumpm/solar collector systems have also been proposed, 
and promise excellent efficiency. However, data on this system's performance 
is unavailable, and [company] did not estimate its effect on your heating bill. 
We do not recommend the hybrid system at this time. 

4. SOLAR HEATING systems- 
Two solar heating systems were optimized for your home. One would heat 
both your home and domestic hot water and the other would heat only your 
domestic hot water. Both systems would use a solar collector mounted on 
your south facing roof and store energy in a heat storage tank located in your 



basement. 





IX-S-340 



\ 



A. SOLAR SPACE HEATING SYSTEM - For splar heating of your home 
and domestic hot water, [company ] recommends a solar heating system with 
a collector area of 400 square feet and a storage tank size of 800 gallons. This 
system would supply 45% of the yearly heating energy heeds for your home. 
It would reduce your present heatitig energy costs from $903 to $496 and 
save you $407 per y^ear. Based on projected energy costs, this system would 
save you $10,224 over the course of fifteen years. This system is estimated to 
cost $8,000 and would require 12% years to pay for itself . ^ 

B. SOLAR DOMESTIC HOT WATER HEATING SYSTEM - The second 
solar heating system considered for your home would heat only your 
domestic hot water. For this system, [ company ] recommends a solar 

' collector with an area of 100 square feet and a storage tank size of 150 
gallons. This system would supply 85% of your estimated donte§Ei?hot water 
needs. Your average hot water requirements were estimated to be IQO gallons 
per day. Since you presently spend approximately $177 per year toTiMf 
domestic hot water, this system would presently save you $150 per year. In; 
fifteen years, this system would save you $389 per year. Using projected 
energy costs, this system would save you $3,793 over the course of fifteen 
years. A solar heated domestic hot \?ater system is estimated to cost $2,000 
and would require 9% years to pay for itself. This system would be designed 
so that it could be expanded into System "A" at a future date if desired. 
5. SOLAR HEATED POOL DATA" 

Excess solar heat obtained in the summer months from the solar space heating 
system (400 square feet of collector area) could be used to heat your pool. 
This excess solar heat, in combination with a pool cover, which [company] 
recommends for higher pool temperatures, would raise the pool water 
temperature 6 degrees over that 6f an unheated, uncovered pool. This would 
presently save you $223 per year at present energy costs. Over the course 
of fifteen years j this solar pool heater would save you $5,600. 

Both a heat pump and a solar heated domestic hot water system fcould be added 
to your home. These are separate systems, not the hybrid systems mentioned in 3 
above. In combination, these two systems would presently save you $368 per year. 
Over a fifteen yeax» period, using projected energy costs, they would save you a total 
of $9,268. ) 

In summary, [company] recommends a preliminary installation of a solar heated 
domestic hot water system. It is less expensive than the solar space heating system and 
could easily be expanded into a space heating system if desired. It would be less 
expensive to expand an existing solar domestic hot water heating system than to 
initially install a solar space heating system. Part of the domestic hot vf^ater system, 
plumbing, controls, etc., also needed for the space heating system .would already 
exist. The relatively inexpensive solar heated domestic hot water system would give 
you complete exposure to the potential of solar energy and would allow you the 
flexibility of installing a heat pump without wasted capital. 
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Solar Heating Potential Survey 



DATE! 8 July 1975 



ERIC 



NAME: ' 
ADDRESS: 

SURVEYOR(S): 

SURVEY INFORMATION ATTACHED: No 



PRESENT WeXtING LOADS AND REQUIREMENTS 



DOMESTIC HOT WATER: 
MIN 
MAX 



LOAD 
366 kWh/mo 
502 kWh/mo 
Avg - 434 kWh/mo 



PRESENT ESTIMATED COST 
r$149/yr ' 
$205/yr ! 
Avg = $177/yr I 



PRESENT HOME HEATING REQUIREMENTS: 
HEATING BILLS: 



Analysis of your home heating bills In conjunction with lopal 
weather data yields a home heating load of: 

Space heating = 22.636 kWh/yr ' | 

Domestic Hot Water = 5.110 kWh/yr . 



ITEM 



CONSTRUCTION DETAILS 
AREA (ft2) 



NOTES 



A/Of applicablei 



CEILING 

CEILING (OTHER) 
WALLS (EXPOSED TO DIRT) 
WALLS (EXPOSED TO AIR) 
WALLS (TO UNHEATED SPACE) 
WALLS (OTHER) 
WINDOWS AND S. G. Doors 
WINDOWS (OTHER) 
FLOOR (CRAWL SPACE) 
FLOOR (UNHEATED SPACE) 
FLOOR (DIRT) 
FLOOR (OTHER) 
ADDITIONAL 

Analysis of your home construction details yields a home heating load of: 

Not applicable 

HOME HEATING LOAD USED IN THIS EVALUATION: 22,636 kWh/yr 

ESTIMATED YEARLY HEATING LOAD, INCLUDING HOME HEAT AND DOMESTIC HOT 
WATER 



Btu/yr 
94 J X 10« 



kWh/yr 
27,746 



PRESENT COST 
$903 



PRESENT COST OF TREATING ENERGY: $0.0325/kWh 
INSULATION EVALUATION . 



WINDOWS: 

DOORS: 

FLOORS: 



Not Applicable 
Not Applicable' 
Not Applicable 
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CEILING: 

WALLS: 

OTHER; 



Not Applicable 
Not Applicable^ 
Not Applicable 
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INSULATION IMPROVEMENT EFFECT ON PRESENT YEARLY HEATING LOAD: 



PRESENT HEAT 
LOAD 


IMPROVED HEAT 
LOAD 


IMPROVED HEATING 
COST 


' YEARLY SAVINGS 
USING PRESENT 
ENERGY COSTS 


22.636 kWh/yr 


/ N/A 


n/a' 


N/A 



TOTAL COST OF INSULATION IMPROVEMENT RECOMMENDATIONS: N/A 

SOLAR HEATING SYSf EM APPLIED TO VOUR HOME 

LOCATION OF THE SOLAR COLLECTOR ARRAY: 

The best collector location would be on the south facing part of your ipof. Althpugh 
the shallow pitch of your roof degrades system performance slightly, it is less expensive 
to install more collector ^rea than to change collector tilt angle, r 

LOCATION OF THE STORAGE TANK: 
BasemeVit of home. 

OTHER CONSIDERATIONS: 

Consider the impact of solar heating on the swimming pool water temperatures. 

RECOMMENDED SYSTEM: Electric Heat Pump 

COLLECTOR AREA: N/A OTHER CONSIDERATIONS: N/A 

ORIENTATION: N/A LOCATION: N/A 

STORAGE TANK SIZE: N/A TILT. ANGLEf N/A . 

STORAGE TANK LOCATION: N/A 

PERCENT OF YEARLY HEATING BILL SUPPLIED BY ABOVE HEAT PUMP SYSTEM: 
30 percent 

Projected Yearly Heating Costs for Heat Pump Heating System ^ 



Time 0 


Present home , 
present insulation 
no solar $/yr 


Insulated home 
with heat pump 
$/yr 


Projected 
yearly savings 

$/yr 


Present 
In 5 yrs 
In 10 yrs 
In 15 yrs 


903 
1.182 
1,659 
2.327 

* 


685 , 
897 
1,259 
1J65 


218 
285 

400 V 
562 


Accumulated 
costs and 


22,683 


17.207 


5.476 


savings in 
IS yrs^ ' 









ESTIMATED* COST OF INSTALLING ELECTRIC HEAT PUMP SYSTEM: $2500 
NOTE; This system would pay for itself in about 8.75 years. 

• The cost of solar heating system is only an estimate ysed in this evaluation. Although the estimate 
should not change by mach, a Ikm fixed price would be quoted when a solar heating installation 
contract is negaUatid 
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Solar Heating System ^ 



0 



RECOMMENDED SYSTEM 

COLLECTOR AREA: 400 Square feet 
ORIENTATION: Due South 
STORAGE TANK SIZE: 800 gallons 
STORAGE TANK LOCATION: Basement 



OTHER CONSip£RATIONS: Excess solar 

heat to swimming pool 
LOCATION: Roof 
TILT ANGLE: 26^ " 



System Performance Details 



Month 


Present home 


Heat supplied by 


Percent 


Excess heat 




heat load/mo 


recommended solar 


solar 


(for pool) 




(million Btu) 


heating system 


heat 


(million Btu/mo) 






(million Btu/mo) „ 






Jan. 


17.2 . 


3.4 


20 




Feb. 


14.8 


4.1 


28 




Mar. 


12.6 


5.7 


45 




Apr 


6.9 


, 6.2 


90 


0 


May 


4.6 


4.6 


1,00 


2.6 


Jun. 


1.5 


. 1-5 


100 


6.7 


Jul. 


1.5 


1.5 


100 


5.9 


Aug 


1.5 


1.5 


100 


5.6 


Sep. 


2.1 


2.1 


100 


' 4.3 


Oct. 


4.9 


4.9 


100 


.7 


Nov. 


10.8 


4.1 


38 


0 


Dec. 


16.3 


3.1 


2fi. 





Total 



94.7 



42.7 



45% 



24.8 



PRESENT YEARLY HEATING BILL SAVINGS FOR ABOVE SYSTEM USING PRESENT 
ENERGY COSTS: $903/yr 

Projected Yearly'^Heating Costs With and Without Solar Heat 



Time 


Present home 
heating costs 
no solar heal 
$/yr 


Present home 
heating costs 
w/soiar heat 
$/yr 


Projected 
yearly savings 


Present 


9(53 


496 


407 


In 5 yrs 


1.182 


649 


533 


In 10 yrs 


1.659 


911 


748 


In 15 yrs 


2.327 


1.278 


1,049 


Accumulated costs 
and savings 


22.683 


12.459 


10.224 



ESTIMATED* COST OF INSTALLING SOLAR HEATING SYSTEM: $20.00/ft2 = $800(3 

NOTE: This system would fakei about 12.75 years to pay for itself. , 

• The cost of solar heating system is only an estimate used in this evaluation. Although the estimate 
shoufd not change by finiach, a firm fixed price wouiA bfe ouoted when a solar heating installation 
contr^et Is negotiated, ^ v4u 
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Solar Heating System 



RECOMMENDED SYSTEM: Domestic Hot Water 
COLLECTOR AREA: 100 Square Feet 
ORIENTATION: Due South , 
STORAGE TANK SIZE/ 150 gallons 



STORAGE TANK LOCATION: Basement 
LOCATION; Roof ^ 
TILT ANGLE; 26^ 



System 'Performance Details— Domestic Hot Water 



Month 


Present home 


Heat supplied by 


Percent 


Excess heat 


heat load/mo 


recommended solar 


solar 


(for pool) 




(miMion Btu) 


heating system 


heat 


(million Btu/mo) 






(million Btu/mo) 






Jan. 


1.48 


0.89 


60 




Feb. 


1.34 


1.04 


77 




Mar 


1.48 


1.48 


» 100 




Apr. 


. 1.43 


%1.43 


100 


N/A 


May 


1.48 


1.48 


100 


Jun. 


1.43 


1.43 


too 




Jul. 


t.48 


1.48 


100 




Aug. 


1.48 


1.4p 


100 




Sep.. 


1.43 


1.43 


100 




Oct. 


1.48 


1.39 


93 




Nov. 


1.43 


1.05 


73 




Dec 


1.48 


0.76 " 


51 




Total 


17.42 


15.32 


85 





PRESENT YEARLY HEATING BILL SAVINGS FOR ABOVE SYSTEM USING PRESENT 
ENERGY COSTS: $150/yr. 17 percent reduction in present heating costs. , 

Projected Yearly Heating Costs With and Without Solar Heat 



Time 


Present water 
heating costs 
no solar heat 
Vyr 


Present water 
heating costs 
w/solar heat 
$/yr 


Projected 
yearly savings 


Present 
In 5 yrs 
In 10 yrs 
In 15 yrs 


177 
232 
325 
456 


27 
36 
'47 
67 


150 
196 
278 
389 


Accumulated costs 
and savings 


^4.446 


653 


3.793 J* 



ESTIMATED- COST OF INSTALLING SOLAR HEATING SYSTEM: $20.00/ft' = $2000 
NOTE? This system would take about 9.75 years to pay for itself. 

• The cost of solar heating system is only an estimate used in this evaluation. Although the estimate 
should not change by much, a firm fixed price would be quoted when a solar heating installation 
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Solar Heating System for Pool 



POOL SIZE: 730 Square feet area. 26,000 gallons 
POOL LOCATION: Backyard, in view of sun 
SOLAR COLLECTOR SIZE: 400 square feet 

NOTES: Collector used for home heat. Excess In the summer time will be used to help 

heat pool. Heat input from .a standard pool heater was not considered. 
POOL COVERING: A pool cover was considered. It would be in place 12 hrs per day. 



WATER TEMPERATURES IN POOL. DEGREES FAHRENHEIT 



Month 


No pool 


No pool 


Pool cover 


Pool cover 


Average 




cover. 


cover. 


solar heat 


no solar 


air temp 




no solar 


solar heat 




heat 






heat 










May 


65.4 


66.8 


71.8 


69.9 


66 


Jun. 


72 


74.8 


81.4 


78 


74 


Jul. 


75.3 


77,7 


83.2 


81 


79 


Aug. 


72.7 


75.3 


81.1 


77.7 


77 


Sep 


66.3 


69.1 


72.5 


70.2 


70 * 



TOTAL AMOUNT OF ENERGY SUPPLIED TO POOL DURING SUMMER MONTHS: 24.8 x 
10« Btu ' 



TOTAL AMOUNT OF ENERGY SUPPLIED TO POOL DURING WINTER MONTHS: None 

ESTIMATED ENERGY COSTS FOR CONVENTIONAL POOL HEATER: Bottled Gas = $9.00/mmion 
Btu 

ESTIMATED ENERGY SAVINGS PER YEAR USING SOLAR HEAT FOR POOL: $223 

COMMENTS: Solar augmented pool heat with a pool cover used 12 hours 
per day would raise the pool water temperature by 6 degrees 
as compared to an unheated, uncovered pool. 
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CONTRACTS 

Contract is one of the most effective instrumentalities of a 
system of private capi tal i^s ti c enterprise.^ It is through this 
.device that the exchange processes in modern large-scale busi- 
ness take place, and the vast amount of credit required in 
modern business is created and transferred. It is contract 
which makes possible the assumption and shifting of risks 
which inevitably are present in our highly Speculative economic 
order. But contract in i ts most important aspect is a device by 
which persons make binding arrangements for the future or buy 
and sell human conduct. In this respect contract is a planning 
device; it is per se a most important agency of control in mod- 
ern business. 

In an economic society dominated by a philosophy of individual- 
ism, it is assumed that there should be relatively compl ete 
freedom of persons to make contracts. The courts accordingly 
enforce most contracts between persons of normal capacity, 
except those which in their opinion are contrary to sound 
soci al * pol i cy or have been induced by fraud or duress. The 
doctrine of freedom of contract assumes that there is sub- 
stantial bargaining equality between all persons of sound mind 
and legal age. However, defensible this assumption may have 
been in earlier times, it is often inappropriate in a complex 
modern business system. Thus, legislatures have enacted many 
different types of legislations, particularly in the field of 
labor relations, restricting the doctrine of freedom of contract. 

A study of contracts is a study of promi ses : a promise is a 
statement of intention, carrying assurance that the promisor 
(the party making the promise) will do or refrain from doing 
something in the future. It is a proposal of conduct. A 
promise must be differentiated from a representation , which 
is a statement of a past or present fact. A promise is a state- 
ment. of what one proposes to do or not do in in the future. A 
statement in an insurance policy that a watchman is kept on 
the premises at night is merely a represnetat i on of fact; a 
statement that a watchman will be kept upon the premises is a 
promise. 

A promise must also be - d i s t i ngui s hed from a c 6 n d i t i o n . A con- 
dition is a statement of an uncertain event, present or future, 
upon the happening or nonhappening of which something else de- 
pends. A promise carries with it an assurance that the .e^ent 
will or will not happen. A condition carries no such assurance. 
A statement in an insurance policy that the policy is void if 
the insured keeps gasoline on the insured premises is a con- 
dition; a statement by the insured, that he will not keep gaso- 
line on the premises is a promise. 
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E ssentials of a Valid Contract 

In order for the contract to be enforceable, there must be: 

1. an agreement both offer an<l acceptance, 

2. supported by consideration, 

3. entered into by parties having capacity to contract, 

4. the objective of which is legal. 

Types of Promises 

Promises and contracts are variously classified; these classic 
fications possess no merit other than to emphasize certain as- 
pects of promi ses . > . , 

Simply stated, a contract is a binding agreement to do or vto 
refrain from doing some lawful thing. They may be grouped: 



1 . 


as 


to 


2. 


as 


to 


3. 


as 


to 


4. 


as 


'to 


5. 


as 


to 



executed or executory; 



Form al or Simple Contracts 

A promise is either formal or simple; this classification 
emphasizes the character of the act by which a promise is niade. 

Formal contracts include contracts of record, contracts under 
seal, and negoti abl e i ns truments . A formal promi se derives its 
binding quality from the formality with which it is expressed. 
A promise under seal is enforceable under the common law because 
of the formal document which evidence's it. A sealed promise may 
take the form of a bond, a charter, a covenant, or a deed. 
Sealed instruments are known as common law specialties. 

Promises in the form of bills of exchange , promi ssory notes , and 
checks are also formal. The usual right's and duties of the 
parties to negotiable instruments are dependent on the form in 
which the promise is expressed. Since the peculiar consequences 
attaching to negotiable instruments had- thei r ori gi n in the 
"customs of the merchan ts " , i t is usual to classify these in- 
struments as mercantile specialties. 
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Other promises are simple. Promi ses rmt under, seal and not in 
the form of a mercantile specialty are/simple whether expressed 
by word of mouth or in writing. 



Express or Imp! i ed> Contracts 

Promises are either express or implied; emphasis here is laid on 
the mode of proving the expression of the promise. An express 
promise is one in the making of which the promisor has completely 
set forth his promise and has left nothing to inference. An im- 
plied promise is one which is inferred from circumstances or 
.from the conduct of the promisor. Fundamentally, of course, 
an express and an, implied promise are the same, differing only 
in the manner in which they are proved. 

A qood way to cover the subject of construction contracts is to 
study an example of actual agreement forms, filled in with the 
. terms of a- fictitious agreement, and then flag some points worth 
mentioning. The example (see following page) is oft a form de- 
veloped and refined over the years by the Amer.i can. I ns titute 
of Architects. It's designed to be fair, favoring peither the 
consumer nor the contractor, and it's been tested in many, many 
courtrooms. The only trouble here is it's written as if^an 
architect were involved, but that does not deter the signifi- 
cance of the example* After a lit-tle study, ydu/11 see that 
the contract is really qui te straightforward and 'you should be 
aware of the kinds of terms often writte,n into small construe- 
ti on contracts . ' 

The very act of reviewing all those terms will bring to your 
mind images of all the troubles others have had, troubles which 
. led, ultimately, to the wording of the terms themselves and you 
will be able to decide how much protection you want to have 
v/hen you take your solar step. 
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THE AMERICAN INSTITUTE OF ARCHITECTS 




AtA Document A107 

The Standard Form of Agreement Between 
Owner and Contractor 

Short Form Agreement for Smalf Construction Contracts 

Where the Basis ol Payment is a 
STIPULATED SUM 

for o,h., con,,.c,> ,he ^/^ ,5su,, 5,.nri..rf form, ol Owne.Contr.Co. A,r..n.en,s >nd Si.nd.rd Conrf,„ons 

o' Confrjcl lor Consiruclion lor u,e m connection therewith 
Th,5 document has ,mpor,.n> leg.l consequences; consul.al.on w„h an andrney is encouraged w.tb respect lo ,.s 

completion or modificdiion. 



AGREEMENT 



r"! 'i*' :fe^ t ± day ?fOan(£:(r2^— in 

Hundred and^^^_0/^^ ( 



the year Nineteen 




\ 

The Owner and Contractor agree 



. .['{md-im Od. .... 
,/VicBM0,||)iAo/'^ 



, and 



the Contractor. 




. 1966 THE AMERICAN l\STITLTr OF ARCHITECTS, 1735 \ V. AVE.. N.W , WASH DC 20006 , ^ 



erJc 



349 



ix-s-350 



ARTiCLE 1 
THE WORK 



The Contractor shall perform all the Work required by the Conlraci Documenis for ^ U 

(Hrir iO»p»l thr ftption druttpUve ol Ihr Work a uicti on other Contrjrl Documrnfi ; | ^ 

l^tt" fl77 and in tt/ie- (XTwa.TSan- 



The Archittct for iW.'j ptonicl i'j 



ARTICLE 2 
ARC I I I TCCT - 



ARTICLE 3 



TIME OF COMMENCEMENT AND COMPLETiON :jiC rH r> 

The Work lo be pytformed under this Contract shall be commenced ^tU^ll^ Oi^i^S \M<y 



ARTICLE 4 
CONTRACT SUM 

The Owner shall pay the Conlraclor for the performance of the Work, subject to additions and deductions by Change 
Order as provrded »n the General Conditions, m/current funds, the Contract Surti of 

^^■j^-^;^-^ ^^^^ nm^-i^res 
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ARTICLE 5 
PROGRESS PAj 



JS 



Based upon Apphcationsl^for Payment submitted to the -Afc+tttert- by the Contractor a nd Cf t i figattf for Paymtnt 
nh ki iii b y lilt Aa liite Ui the Owner shall make progress payments on account of the Contract Sum to the Contractor 
as follows; \ . 



ARTICLE 6 
FINAL PAYMENT 



The Owner shall make^'final, [ 
the Contract be then fulTy performed. 



I 



. payment 'T^XJ^v^^^^f^ ^^V* ^^^^^ completion of the Work, provided 

erformed, suoject to the provisions of Afticle 17 of the General Conditions. . 



ARTICLE 7 



ENUMERATION OF CONTRACT DOCUMENTS 

The Contract Documents are as noted in Paragraph 8,1 of the General Conditions and are enumerated as follows: 

tint below the Agteemenl. CondtUont ol the ConlrJCI iCenersI, SupptementMry, and other Conditions;. Dnwinfti, SpenhcMttont, Addenda and «ccrp(ctf 
Alter natet, ihowmg page Of theet number t tn aft catet and datei where apph cable ) 



Arltcle X) 
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GENERAL CONDITIONS 




ARTICLE 8 
CONTRACT DOCUMENTS 
8.1 The Contfact Documents consist of this Agreement 
{which includes the General Conditions), Cupp t eme w loy 
,anri othar CondUtont, rha nra^Mlwgj, the Specifications, 
all Addenda issued prior to the execution of this Agree* 
ment, all amendments. Change Orders, and writtan 

Xk^ A fch i t e et. Thest form the Contract and what is 
required by any one shall be as binding as if required 
by ail. The intention of the Contract Documents is to 
include all labor, materials, equipment and other items 
as provided in Paragraph 11.2 nectfsSary for the proper 
execution and completion of the Work and the terms 
and conditions of payment therefor, and also to include 
all Work which may be .reasonably Inferable from the 
Contract Documents as being necessary to produce the 
intended results. 

8^ The Contract Documents shall be signed i n not lei s 
■ihiw fripiicate by the Owner and the Contractor. U € ilhe> 



tht Ov t ^tr or thr rtmrartpr Hn n e t - l ign thr Cfr a wrnp ii 
4f e ei f i eH io ns, er tw y oT^ th » o th t r Cu n t r aei Doeume n H, 
\bt ^r^hfttrt 'drntify *^^m By executing the Con- 
tract, the Contractor represents that he has visited the 
site and familiarized himself with the local condition!^ 
under which the Work is to be performed. 
8.3 The term Work as used in the Contract Documents 
includes all labor necessary to produce the construction 
required by the Contract Documents, and all materials 
and equipment incorporated or to be incorporated in 
such construction. 

ARTICLE 9 
- ARC III TCCT - 



The Architect will provide general adnrintstrati^ 
of^t^ Contract and will be the Owner's represen^ive 
duringN^e construction period. 

9.2 The^\rchitect shall at all times have acp^ss to the 
Work wherever it is in preparation and pu^ress. 

9.3 The Arcnhfct will make periodic vfstts to the site 
to familiarize hm»elf generally with/lhe progress and 
quality of the WorVyand tO deternHne in general if the 
Work is proceeding accorda/lce with the Contract 
Documents. On the basK of Im on-site observations as 
an architect, he will keepS(je Owner informed of the 
progress of the Work, ar>d ^»(t endeavor to guard the 
Owner against defects^ind deficiencies in the Work of 
(he Contractor. The/Architect wiKnot be required to 
make exhaustive jr continuous onNite inspections to 
check the quali^ or quantity of the W^rk. The Archi- 
tect will not/oe responsible for constrb<;tion means, 
methods, t^i^niques, sequences or procedihes, or for 
safety pur^utions and programs in connectioriS^ith the 
Worlyind he will not be responsible for the Conth^tor's 
failyTe to carry out the Work in accordance witlN<he 

extract Documents. 



9!< Based on such observations and the Contr^oor's 
AppThHtions for Payment, the Architect will d<rfermtne 
the amotm^s owing to the Contractor apcr ^nil issue 
Certificates f^rs^ymentin accordance WHtti Article 17. 

9.5 The ArchitecKwiU be, in thj^^tfst instance, the in- 
terpreter of the requirlrments df^e Contract Documents. 
He will make decisions ^>^l claims and. disputes be- 
tween the Owner and^^fle Cohtc^tor. All hjs decisions 
are subject to ar^Ufltion. • 

9.6 The Architect has authority to rej^sCWork which 
■ does noJ^^<bnform to the Contract Documbt^Js and to 

stoD^ihe Work, or any portion thereof, if nece^**Qr to 
i(M(ure its proper execution. ^>s^ 

ARTICLE 10 
OWNER / 

10.1 The Owner shall furnish all surveysi^ 

10.2 The Owner shall secure and pay for easements for 
permanent structures or ^permanent changes in exj|;ting 
facilities. ^' . 

10.3 The Owner shall issue all instructions to the Con^ • 
tractor th wug h iHp Arrh i fr c t \ VJ 4 l| 



CONTRACTOR 



11.1 The Contractor shall supervise and direct the 
Work, using his best skill and attention. The Con- 
tractor shall be solely responsible for all construction 
meaQs, methods, techniques, sequences and procedures 
and for coordinating all portions of the Work under 
the Contract. 

11.2 Unless ^;|her>X^ise specifically noted, the Contractor 
shall provide am pay for all labor, materials, equipment, 
tools, construction equipment and machinery, water, 
heatt utilities, transportation^ and other facilities ahd 
services necessary for the proper ^kecution and comple- 
tion of the Work. 

11.3 The Contractor shall at alt times enforce strict 
discipline and good order among! his ernployees, and 
shall not employ on the Work any unfit person or any- 
one not skilled in the task assigr\ed to him. 

11.4' The Contractor warrants tS^the Owner and the 
Architect that all materials and equipment incorporated 
in the Work will be new unless otherwise specified, and 
that all Work will be of good quality, free from faults 
and defects and in conformance with the Contract Docu- 
ments. All work not so conforming to these standards 
may be considered defectiye. 

11.5 The Contractor shall pay all sales, consumer, use 
and other similar taxes required by law and shall secure 
all permits, fees and licenses necessary for the execution 
of the Work. 

11.6 The Contractor shall give all notices and comply 
with all laws, ordinances, rules, regulations, and orders 
of any public authority bearing on the performance of 



/ 
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the Work, and shall notify the^^Sefrtm Vthe Qf 
^ifitt Specificahons are at variance therewith. 
11.7 The f ontractor shall be responsible for the acts 
and omissioris of all his employees and all ^bcon- 
Iractors, Iheir jgents and employees and all other persons 
performing any of the Work under a contract with the 
Contractor. 

— Tha r nntf>r>Hr ch^iU fnrntth ill -iimplcj inri chop 
^*a Mntg3 15 thte^t eri for a p p f o v a l of^^ l ie AiLhit f U fu i" 

, rnnfnrm^nra utWh thn Hpcign rrtnr^nt j^r tnfor 

»Mj H b e iw ■e c ci i dd i i^. e tt .i Ii ^ppiU f tU 3,iiipl e 3 i n d a j iop ^ 



11.9 The Conlr.ict6r at all lirrte^ shall keep the premises, 
frpe from accumulation of waste materials or rubbish 
caused by his operations. At the completion of the Work 
he sh«ll remove all his wfste materials and rubbish from 
and about the Project a$ well as his tools, construction 
equipment, machinery and surplus materials, and shall 
clean all glass surfaces ^ind shall 'leave the Work "broom 
clean" or its equivalent, except as otherwise specified. 
tl.10 The Contractor shall indemnify and hold harmless 
the Owner a w J ihe A> e h il n.t and ltt(3Y' agents and em- 
ployees from and agains^t all claims, dapnages, losses and 
expenses including attorneys' fees arising out of or result- 
ing front the performance of the Work, provided that 
any such claim, damage, loss or expense (a) is attribut- 
able to bodily iniury, sickness, disease dr death, or to'^ 
injury to or destruction of tangible property (other than 
the Work itself) including the toss of <use resulting there- 
from, and (b) is caused in whole or in part by any 
negligent act or omission of the Contractor, any Sub^ 
contractor, anyone directly or indirectly employed by any 
of them or anyone for whose acts any of them may be 
liable, regardless of whether or not it is caused }n part 
by a party indemnified hereunder. In any and all claims 
against the Owner q f t i n. A r ehi t ee t or any of (fl608ents 
or employees by any employee of the Contractor, any 
Subcontractor, anyone directly or indirectly employed by 
any of them or anyone for whose acts any of them may 
be liable, the indemnification obligation under this Para- 
graph 11.10 shall not be limited in any way by any limi- 
tation on the amount or type of damages, compensation 
or benefits payable by or for the "Contractor or any Sub- 
contractor under workmen's compensation acts^ dis- 
ability benefit acts or other employee benefit acts. -The 
•h t t g atiewa t he C o ntr A C to f umUl i lli i !» r jiag ia p li M .IQ 
nnt rntrnri tr |- h-' it y o f t'r Arrh i t tr t, hi t 



w plcyoM •rls iw fl g ut o f (1) t he prejia r a t iQw.. 



ap piou l e f ma ps , dr awi ngs^ opi n ic nt) r tpo rtt, tu r . 



'M € ^ j, Chang e O t d e rs, ^ a tignt or spec i f ica tioni, e r 0^ 
g i w iw g o f O f th a f ailur e to Q i M » d i r e c li om ui ii.stiULlim ry 

Qiu i nfl Of fni l nrr fn giut i t t lia pM ii ii i y LJU^U uf the 
i nj u r>t o r danijgt. 



ARTiCLE 12 
SUBCONTRACTS 

12.1 A Subcontractor is a person who has a direct 
contract with the Contractor to perf6rm any of the Work 
at the site.- — — 

12.2 Prior to the award of the Contract the Contractor 
shall furnish to the A fc hi t e cU in writing a list of the 



names of Subcontractors opposed for the principal por^ 
tibns of the Work. The/fontractor shall not employ any 
Subcontr^tU>fa*<M|JMim t he A re hi t jct o f the Owner may 
have Jt^^reasonable^ b lection. The Contractor shall not 
be' required lo employ any Subcgntractor to whom* he 
has a reasonable objection. Contracts between the 
Contractor and the Subcontractor shall be in jtcxordance 
with the terms of this Agreement and shall mctwde the 
General Conditions of this Agreement insofar a^wppli- 
cable. ^ 

ARTlCiE 13 , 

SEPARATE CONTRACTS 

The Owner has the right to let other contracts in con* 
nection with the VVorlf and the Contractor shaU properly 
cooperate with any such- other .contractors. 

ARTiCLg 14 

ROYALTIES AND PAtENTS 

The Contractor shall pay all royalties and. license fees. 
The Contractor shall defend ^11 suits or claims for in- . 
fnngement or any patent rights and shall save the 
Owner harmless from loss on account thereof. 

ARTICLE 15 

ARBITRATION 

Alt claims or disputes arising out of this Contract or the 
breach thereof shall be decided by arbitration in accord- 
ance with the Construction Industry Arbitration Rules of 
the American Arbitration Association then obtaining unless 
the parties mutually agree otherwise. Notice of the de- 
mand for arbitration shall be filed in writing with jthe 
'other party to the Contract and with the American Arbi- 
tration Association ^nd shall be made within ^.reasonable 
time after the dispute has arisen. 

ARTICLE 16 

TIME 

16.1 Ail time limits stated in the Contract Documents 
are of the essence of the Contract. 

16.2 0 If the Contractor is delayed at any time in*" the 
progress of the Work by changes ordered in the Work, 
by labor disputes, fire, unusual delay in transportation, 
unavoidable casualties, causes beyond the Contractor's 
control, or by any cause which th e AwhiKct w ay rf t - 

OAimm* justifies the delay, then the Contract Time shall 
be extended, b y C h a n ge O rd e r fa > juc li i B J&u i n b lt U m m 

fhm Ar, t in I iiii y l U iM M ..;.... 



<i« . ARTICLE 17 
PAYMENTS 

17.1 Payments shall be made as provided in Article 5 
of this Agreement. 

17.2 Payments may be withheld on account of (1) de- 
fective Work not remedied, (2) claims filed, (3) failure 
of the Contractor to make payments property lb Sub- 
contractors or for labor, materials, or equipment, (4) 
damage to another contractor, or (3) unsatisfactory 
prosecution of the, Worjc byJthe<Coptiractor^ - ^ 

17.3 Final payment shall nOt be due until the Con- 
tractor has delivered to the Owner a complete release of 
all liens arising out Of this Contract or receipts iri full ' 
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covering all labor, materials and equipment for which a 
lien could be filed, or a bond satisfactory to the Owner " 
indemnifying him Against any lien. 
1X4 The making of final payment shall constitute a 
waiver of all claims by the Owner except those arising 
from (1) unsettled liens, (2) faulty or defective Work ap- 
pearing after Substantial Completion, (3) failure of the 
Work to comply with the requirements of the Contwfci 
Documents, or (4) terms of any special guarantees re- ' 
quired by thi Contract Documents, The acceptance ' 
of final payment shall constitute a waiver of alt claims 
by the Contractor except those prieviously maoe in 
writing and still unsettled. ^ 

ARTICLE 18 

PROTECTION OF PERSONS AND PROPERTY 

The Contractor shall be responsible for initiating, main- 
tainihg, and supervising all safety precautions and pro- 
grams in connection with the Work. He shall take alt 
reasonable precautions for the safety of, and shall provide 
all reasonable protection to prevent damage, injury or toss 
to (1) all employees on the Work and other persons 
who may be affected/ thereby, (2) all the Work and all 
materials and equipment to be incorporated therpin, 
and (3) other property at the site or adjacent thereto. 
He shall comply with all applicable laws, ordinjinces, 
rules, regulations and orders of any public authority j 
^having jurisdiction for the safety of persons or property 
or to protect them from damage, injury or loss. All 
dar^age or loss to. any property caused in whole or in 
part by the Contractor, any Subcontractor, any Sub- 
subcontractor or anyone directly or indirectly employed 
by any of them, or by anyone for whose acts any of 
them may be liable, shall be remedied by the Contractor, 
except damage or loss attributable to faulty Dnwi n gj o r 
Specifications or to the acts or onHsslons of the Owner 
ap Arc Kit e e C or anyone employed I r fe c ilheF or 
for whose acts «ithT o^fSilSniay be^liable but which 
are not attributable to the fault or ri^gligence of the 
Contractor. ^ 

ARTICLE 19 \ 
CONTRACTOR'S LIABILITY INSURANCE 

The Contractor shall purchase and maintain such in- 
surance as will protect him from claims under workmen's^ 
compensation acts arid other employee benefit ,acts, 
from claims for damages because of bodily injury, in- 
cluding death, and from claims for damages to property 
which may arise out of or result frdm the Contractor's 
operations under, this Contract, whether such operations 
be by himself or by any Subcontractor or anyone directly 
or indirectly employed by any of them. This insurance 
shall be written for not less than any limits of liability 
specified as part of this Contract, or required by law. 
. whichever is tl^e greater, and shall include contractual 
liability insurance as applicable to the Contractor's obli- 
gations under Paragraph 11.10. Certificates of such in- 
surance shall be filed with the Owner. 

ARTICLE 

OWNER'S LIABILITY INSURANCE 

The Owner shall be responsible for purchasing and 
maintaining his own liability insurance and, at his op- 



-7 



. may rpaintain such insuranc^e as will protect him 
inst cflaims wntcn may anse from operations under 



tibn, 
again 
the Contract. 



ARTICLE 21 



PROPERTY INSURANCE 

Unless otherwfse provided, the Owner shall pur- 
chase and maintain property insurance upon the entire 
Work at the site to the full insurable value thereof. This 
insurance shall include the interests of the Owner, the 
Contractor, Subcontractors and Sub-subcontractors in 
the Wgrk and shall insure against the perils of Fire, 
Extended Coverage, Vandalism and Malicious Mischief. . 
21.2 Any insured loss is to be adjusted with the Owner 
and made payable to the Owner as trustee for the 
insureds, as their interests may appear, subject to the 
requirements of any mortgagee clause. 
21.3' The Owner shall file a copy of all policies with 
the Contractor pripr to the commencement of the Work. 
2V* The Owner and Contractor waive all right^agairist 
'eCh othe7 for damages caused by fire or.ojher perils 
to the extent covered by insurance provided under this 
*, paragraph. The Contractor shall require similar waivers 
by Subcontractors and Sub-subcontractors. 

* ' * ARTICLE 22 

CHANGES IN THE WORK 

v^22.1 The Owner without invalidating the Contract may 
order" Changes in the Work consisting of additions, de- 
letions, or modifications, the Contract Sum and the 
Contract Time being adjusted accordingly. All such 
Changes in the Work shall be authorized by written 
Change Order signed by the Owner^er t h e A i thitCLt aj 
hit Huly atithoria>d agent. 

22.2 The Contract Sum and the Contract Time may be 
changed only by Change Order. 

22.3 The cost or credit to the Owner from a Change 
^ in the Work shall be determined by mutual agreement 
^^efore executing the Work involved. 

ARTICLE 23 

CORRECTION OF WORK 

the. Contractor h ill i, nrnni y\n} Wnili lli^f fiil to con- 
iotm\\o the rMfftfements of llie LdlltMC^BQaiments 
failure to conform appears cht^ms^ the 
^. the Work, and shall remedy any tieTects. 
faulty materials, equipment or workmanship 
appear within a period of one year from vie 
__. f Su b st an ti a l Completion of the Contract or wilh\ 
sucp onger period of time as nay be prescribed by laf 
the terms of any applicable special guarantee 
the Contract Documents. Thfe provisions o(X 
apply to Work done by Subcontractoij^^'well 
done by direct employeesQi,jhtfvc)n(r'ctor. 



If 4he 




TERMINATION BY THE CO^JTRACTOR 



^^ylFhirnrt fiilt to 



- /'>>rtifir a > o f P aywi n i 



^igpi o d o f thirty d ays thr oug h no ^ m ^X'T& 



tiiBg|of| or i^ the Owner fails to make payment thereon 
for a period of thirty days, the Contractor may, upon 
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,>cvcn d.ns written noltce to the Owner awd i h o Arch »- 
■46 termin.Mc Ihp ContMct ,ind recover from the Owner 
p.nmcnt for all Work executed tind for any proven losri 
sLisl.iined upon ,iny materi.ils, equipment, tools, ,ind 
lonstruchon equipment .ind m.uhmery including; reas- 
on,ii>le proiit and d.imapes 

^ ARTICLE 25 

TERMINATIOK BY THE OWNER 

If the Contractor defaults or nef;lects to carry out the 
Work in accordance utth the Contract Documents or 
taiK to perform any proMMon ol the Contract, the Ownor^ 
miv alter sp\cn day^' written notice to the Contractor 



and without prejudice to any other remedy he may have, 
make f;ood such deficiencies and may deduct !he cost 
thereof from the payment then or thereafter' due the 
Contractor or, at his option, may termmate the Contract 
and take pos^es^ion of the site and of a-ll materials, equip- 
ment, tools. ai)d construction equipment and' machinery 
thereon owned by the. Contractor and may finish the 
Work by whatever method he may deem expedient, and 
if the unpaid balance of the Contract Sum exceeds the 
expense of finishing the Work, such excess shall be paid 
t(i the Contractor, but if such expense exceeds such 
unpaid balance, the Contractor shall pay thr c(ifference 
to the Owner. 
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The example contract on the following pages utilizers an actual 
agreement form for a construction contract, filled in with the 
terms of ja fictitious agreement, along with some poi nt^ flagged 
as worth mejiti.oni ng . 

Remember, it's a lot better to think about all these. things 
^ \ now (at the time of preparing the written contract) than to 
think about them for the first time when something sudden^ly 
qoes wrong. 
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few's * 



A We projboselo furnish and Install a Solaraeme Healing system 

M^ICjBnfer6trgcl',A/iicBfeW//e/]ii 

In accordance with the following conditions and specifications: 



vf^^^ PV EQUIPMENT 

rc^\xaC^^' '^\aracMO coWec^- wMd -3^^, 



LOCATION OF EQUIPMENT 



1. Suitable Space and access for this installation is to be provided by you. 



DUCT WORK 



1. Ductwork to be installed by us wilt be designated, fabricated and 

installed in accordance with American Society of Heating, Refrigerating 
and Air Conditioning Engineers standards, within the limits o| existing 
installation conditions. 



""••Too 



RESPONSIBILITY 



The following responsibilities will be assumed by you or us as indicated: 



Delivery, uncrating, erection 
Equipment Foundation* 
Ductwork (as described) 
Duct Insulation 
Supply Outtets 
Rpturn Grilles 

Adequate Electric Service ^> 




Wiring from Panel to Conditioner- 
Cutting holes 
Patching 

Redecorating 

Plumbing within 
Pipe Insulation 




us 



40 m 
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^ PLUMBING H^ltedwvup-ftrcLwie^i h-\AJ- 

All pipe ^v\d -ftlfiw^ (2>pper 
-> WIRING A^r^onrkl- 



MISCELLANEOUS 




WORKMANSHIP 



1. Our work will be performed in the highest workmanlike manner and 
will comply with existing governing codes and regulations. 



WARRANTY AND SERVICE 

1. After installation a qualified representative will start, test, and 
provide Instriictions on the use of the equipment. 

2. All equipment, material and labor furnished by us will bear a one year 
warranty from date of instaltation against defects in workmanship ^nd . \^ 
material. In addition, the collectors, controls and heat exphanger are / ^. . \k ]\n(^Vv>{ 



protected in accordance with the Solaracme Five Year Protection Plan. 

3. Service under this warranty, except for emergency calls, will only be 
provided during normal working hours and does not include filter or 
fuse replacement. 



359 



lx-S-360 




GENERAL 



1. During Installation "Wo shall tak© all reasonable precautions to avoid 
injury to persons and damage to j^roperty. 

* 2.V{st shall 0^ be liable for damages resulting from the use and/qr 
^mst allation^ the equipment specified herein. 

3. Title to tha equipment wlH remain in us until all sums due us 
have been paid. 

4. We shall have the right to transfer any or all notes held hereunder, 
and title or ri^ht of possession will pass to the legal holder. 

5. Any equipment or labor in add-^ion to that required by this proposal 
will be paid for by you as an elx^a jU our normal rates, ^. • - . . . . 

6. It is understood that this prop^al sets forth our entire agreement 



7. This proposal will become a contract between us If accepted by you 
and thereafter approved in wfitiiig by our duly authorized representative. 



INSTALLATION SCHEDULE^^ 




1. The 
from 



equipment will be ready for (n^'l'^II^tft^ 

the date of our approvfil of this contract. 



about 



75 



days 



PRICE AND TERMS 



NET CASH PRJCE: ; . , jIsV'Z^^— ) 



r<M- 



Respectfully submitted 



(\0.,7 

\m ■ 



ACCEPTANCE 

This proposal is accepted 

i 

DEALER APPROVAL 

This contract is approved 



Date 
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Should an architect be involved in the solarizing of an ex- 
istin9 building? Not unless he has great interest and exper- 
ience in the subject, and the building owner feels incapable 
of handling the job himself. 

Architects are not equipment designers; in fact, most states 
forbid archit^ects to practice any kind of engineering^. If 
the need for professional help is in the design of solar hard- 
ware, see a mechanical engineer; but if the need is for design 
help related to the space, the appearance, or the finishes of 
a building, consult an archi.tect. And, if the project is 
large enough to justify it, hire an architect and have him 
in turn enqage--under his basic fee--the en^^l^^ers need'fed to 
handle those basic specialties--structura*1,^ me chan ical, elec- 
trical --tradi tional ly outside the architect's own specialties. 
One principal attribute of the architect is construction ex- 
p6rience--materials, workmanship, expansion, contraction, 
time, weather, contractors, contracts. 

The contract on the following pages is an example of an 
agreement between a consumer and an archi tect- -compare this 
with the previous examples and you can evaluate what all the 
options are . 
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I 




THE AMERICAN INSTITUTE OF ARCHITECTS 




a;a Document B?5J 



Abbreviated Form of Agreement Between 

Owner and Architect For 
Construction Projects of Limited Scope 

THI^ DOCUMENT KAS tMPORTANT LtCAL CONSEQUtNCtS; CONSULTATION WITH AN ATTORNEY IS tNGOURACED WITH 
RESPECT TO ITS COMPLETION OR MODIFICATION 



"in the year of 



and ihe Architect 
For the following Proje(?t : 

(Include dfijiird froiect ioc«iton «nd icope) 




AGREEMENT made this 

Nineleen Hundred and'^0Ol'H{- S^/SVO • 
BETWEEN the Owner: 

-mmcs^ Moi-fe^v0 ^^v^ ui 
42-1 G^fer 'B{Te0i> 

The Owner and the Architect agree as set forth below. 

I THE ARCHITECT shdil provide prolessionjj services for |hc Trojecl in accordance with the Terms 4nd Conditions 
o( ihis Agreement. 1 ^ 

II THE OWNER shall compensate the A^rchitect, In accordance with the Terms and Condit.ons o< ibis^ecment. q/ W-*Tv\U 

C(^^^^)l^oo^y rim 

B. AN INITIAL PAYMENT OF K\OV\^ — -~ ... * . ^ ui a 

~ .Tlolljri . ) shall be made upon 

execution oi this Agreement and credited to the Owner's account. 

C. FOR REIMBURSABLE EXPENSES, arftounts expended as defined m ParagrAph 4.3. 

D IF PROIECJ SCOPE or Article 1 serv^ce^ arc changed materially, or if servicri covered by. this Agreement 
have noi been completed wiihtn ( ^/X ) rnonihs of the dale hereof, the -iniyuni of compensation shall 
( be subject to renegotiation. 
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tf:rms and conditions of agreement between owner and architect 



ARTICLE 1 



ARCHITCCrS SERlUCES 




Thr Arc htti-( t «i Si-rv« es consist '\ l''"^f|r"' phases 
cli'si nhi-tJ holiiw and mclifdr ^<ifmuJ«<slruclural . 
rrxM h.mri .tl .iiul «'lfi.trK.U pn^nn»fr»m.>rrvt<t;^ jnd 
any (itltiT >i rviiL*s included m Ailicle M as rcljicd 
10 d Mii^'c Slipuljicd burn Cunslrucliun Conirjcl 
The extent of the Architect's duties jnd responsibili- 
ties jnd the Imvitations of his authority as assigned 
hereunder shall not be modified without, his wrillen 
consent. 

DfSICN PHASE 

1.1 The Arthili il shall prepare Design Studies consist- 
infj ol drawings'jnd other documents for approval by the 
Owner, and shall subntil to the Owner a Statement of 
Probable Conslrutlion Cost. 

CONSTRUCTION DOCUMENTS PHASE 

1.2 The Architect shall prepare from the approved Oe- 
sii»n Studies. L)rawinf<s and Specifications selling forlh in 
detail the rec|inirv«ui(ll^or th* Pro)ecl, and shall submil 
an adjusted Statenienl(>^ru£]M|?ie Construction Cost. 

The Architect sha ^assftl^ he Owner in filing the 
roqu II tJ?*T+may7jents for the approval of governmental 
authorities li.i\in5r*Tft»*4<iittion over the Project 

■lODINC OR NECOTtATlON 

1.3 Ihe Arihitect. lolluwing the Ov^twjQ^approval of 
the CiinstriH tion (.Joctinu nts and of the im^^^liuL^lc- 
nient III Trohahle (onstrtulion Cost. shat(^ssi>Ohe 
(.)v\ner in iitiLtimng huk and m awarding thc'LOTislruci 
tiiin ( iintrai t. 

CONSrHUCTtON PHASE ^ 

1.4 Ihe Conslruttion *Phase will commence with the 
award of the Consiruchon Contract and will terminate 
when the fmaf ferlificale for Payment is issued lo the 
Owner ' 

1.4.1 Ihe Architect shall provide general Administration 
of the Construction Contract, as set forth below 

1.4.2 All ot the Owner's mstruclions lo the Contractor 
shall be issued through the Architect. The Architect shall 
prepare all Change Orders 

1.4.3 The Architect shjM make periodic visits to the site 
to familiari/e himself generally with the progress and 
quality of the Work and lo determine in general if Ihe 
Work IS proceeding in accordance with the Contract 
Documents On the basis nf hts on-site observations as 
an archiie(t, he shall endeavor to guard the Owner 
agarnsi defects and defuienties in llie Work of the Con- 
trjftof Ihe Afrhitcrt shjtl not b«*_rrf|uir.ed to make ex* 
hau'vtrve or tontimuuis on silo tris^ie t tirins to < he( k Ihe 
nu iiit^ nr nn.tottjy ol lUf WfuV, IfiA \rttiite(t s\u\i not! 
lit- M'.|HinMoii» i«>f t (instuKtton nifjns, methods, tecfi- 



n>(uu*s, sequenceSL or prnredures o r f or safely precau> 
turns an u nroKramv in con rtectiori with the Woik, ana ne 
' he 



snail no r l)e responsible* for Ihe Contractor's failure to 
tarry^ut the Work in^ atcordance w<lh the Contract 
Documents. 

1.4.4 Based on such obsefvatior^s at the site and on the 
Contractor's Applications for' Payment, the Architect shall 
determine the amount owing to the C^intractor and shall 
issue Cerliticaies for Payment in such amounts. The issu< 
ante of a Certificate for Payment shall consti.tute a repre- 
sentation by the Alrchitect to the Owner, based on the 
Architect's observ'atiOn^ at the site as provided in Sub- 
paragraph. 14 3 and the data comprising the Apjplication 
for Payment, that the Work has progressed to the point 
indicated, that to the best of the ArchitecCs knowledge, 
information and belief, the quality of the Work is m ac* 
cordance with Ihe Cuniraci Documents (subiect to an 
evaluation of the Work for conformance with the Con- 
tract Uocumenis upon Siuhslanii^l Completion, to the 
results of any subsequent lesis required by the Contract 
Documents, lo minor deviations from the Contract Docu- 
ments correctable prior lo completion, and to any specific 
qualifications stated in the Certificate for Payment), and 
that the Contractor is entitled to payment in the amount 
certified. By issuing a Certificate for Payment, the Archi- 
tect shall not be deemed to represent that he has made 
any examination to ascertain how and for what purpose 
Ihe Contractor has used the moneys paid on account of 
the Contract Sum. 

1.4.5 The Architect shall be the interpreter of the re- 
quirements of the Contract Documents and the impartial 
ludge of pcrforman^'thereunder by both the Owner and 
Contractor. and"(Aill make decisions on ail claims ot the 
Owner and Cohtractor relating thereto. 

1.4.6 The Architect shall review and approve shop draw- 
ings, samples, and otho; submissions of the Contractor 
only for confoimance with the design concept the 
Pru)ecl and for compliance with the information gitren in 
the Contract Documents 

1.4.7 The Architect shall conduct inspections to deter* 
mine the Dates of Substantial Completion and final com- 
pletion, and shall issue a final Certificate for Payment, 

1.4.8 The Architect shall not be responsible for the acts 
or omissions of the Contractor, or aay Subcontractors, or 
their agents or employees, or any other persons perform- 
ing any of the Work 

ARTICU 2 
THE OWNER'S RESPONSIBILITIES 

2.1 The 0»v ru u-^ulj p rovide full information, including 
a cnmpletiy'piogran^^^arding his requirements for the 
Proiect 

2.2 The Owner sfNUfumish full information about and 
affecting llu» site, intihiimg a certified land survey, and 
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HHict Stlt Mi reports 



r t)« C«ntrjdt Dooi- 



vfhen «Ue««J ntctfory by the Ar 
•r the icw'cef of j ertfrntpn 

jnd ««pMl» af r«^^t«4 by law 

2.4 The Owtw &KaU funiHH ci 

{ria^ such ^liih'ni Serviceft a$ n« m*y r«^i>*»« t» M<MMn 
how t»w Conrt«rtD<-haff W«J the Bionty f«W tDNm. 

2.5 The inf»rmt/ti90, jurveyt; Snd ivpofli r»^«fi«l by 
P^riAfaal^ a,.) ihf^A ZA iMl be lumished «t 
^ CK^nw's %^ni», •nd the i%<K}lectftMt bt •(tftted 

t^rely OponiheacciTKyaiW Cpmplrlrnew Ihereor. 

2% If the Owntf.bf compf of ••y fault nr Meet 

in i}>« ft»ject or iionf nnfnfmjncr with thf. Ointract 
Dooim««U. ht Shail prompt wnttpn notice to the 

2.7 the Own«f «h»ll fumiih Inforrratwn «quircd of him 
a»exp«J<UouUy as net«6i7 "iWr th<r orderly progrcis oi 
the Work 



I ARTICLE 3 



CONSTRUCTION COST 



3.1 The ConMrui tion CoM ^hjll bi» iho loljl coM or esti- 
m^iled COM III the ()v\ner oi jll Work deigned or speci- 
fied by the Architect v\hnh sK.ill be dclefmined as fol- 
lov\s with pretedencp in the order listed 

3.1.1 for completed construction, ihe cost of all such 
Wtuk. incliidinn the coM of labor, materials and equip- 
ment furnished by the Owner and the cost of managing 
const! uctton. or 

3.1.2 For Work no| < nnstiui teil (iMlie lo^^est bona fide 
bid received from a qu.thded bidder lor any or all of 
suWt Wruk. or 12) if the Work is not bid. the bona fide 
negohdied proposal submitted for any or all of such 
Work, nr 

3.1.3 for VVoik or poilions of the Work fur which no 
\urh hid or piopits.il is received, the lafest Statement of 
Pifih.)hle ( tinstriiHntn Cost 

3.2 < onsuiii turn Cost iiovs not imlodc the compens.v 
t»r»n of the ArfhtUMt and h»s consuli.»nt\. the (osl ol the 
land fiRhl <if \\ av. or other OatH which are the fosponsi 
btlti> of Ihe Owner in ParaK^Jphs 2 1 through 2 4 
inclusive 

3.3 rill- Ai(hite«t cannot and dues nnl guarantee that 
bid*« ^Mll nol vary from Statements of Probable Construc- 
tion Cost or other cost estimates prepared by him 

"3.4 When a fixed lim«l of Construction Cost is estab- 
lished as a cnndition of this Agieenient. tt shall be in 
wfitmK signed by the parties and shall include a bidding 
conlingrncv of' ten p«»r<ent. and if il is ex<eeded by the 
lowest hon.i l.dr bid or negoti.ited proposal, the Owner 
sh.ill (1» J'.vo written appowal of an increase in such 
hiied linvi. t2l authorirt rebiddmg Ihe Project within a 
reasonable time or m cooperate m revisirtg the Project 
lo reduie thej^iliahle Cnnstiuttion ( osl In the case of 
Mj Ihe Ar(?Hjeil \sithnut .idditional charge, shall dis* 
iharne his rrspons.Ktlity hv modifying the Drawings and 



SftciOc^f, »nd h»v?«| dam ihtJI !>• enfUtW tD 

ARTICLE 4 
PAYMENTS TO THE ARCMIUC1 

4.1 Anmlt^piyi»tr*»5J«tAt«iJ«^r*i^ / 
tniiiimtMn ptymcnt undfthh Afiiiwiiit. 1/ 

4.2 faymenti -for Sew/cfs sUtl be mide nonihW, in.lt* 
PTO PoHfoft tP ttwlcts pffetfJ. I f cooiftCnMltwtn Is on 
Wbxls oF a fi>«d iee or pe^^niH* of c.iuenirtion 
coctitihaU. aVtht cmmf^0fm<h Phiifc e^irtl-the 
IbllWnt per«erftHM of Ibe'totel Comptmt^mn, 

Qoc^Phaie ^ 

0)nstru( lion pocunicnls Phase 7*7* 
Bifidinrt or NcgoliJlion Phase. Wjb 
Construction Phase tOOTi 

4.3 Payment for Reimbursable Expenses shall br made 
monthly. Reimbursable I »pensev are in addition to com- 
pensation and ini lude actual expendiJures made by the 
Arthifecl for the Project for; travel and siihsisleme. long 
distance calls; iees paid to governmental authnnties. 
renderings and models required by the Owner; Owner 
authnii/e<l overtime, reproductions, postage and hancflmg 
of nravsings and Specifications, excluding duplicate sets 
a( the completion of each Phase for the Owner's review 
and approval 

4.4 No deductions shall be made frnm the Architect's 
compensation on accountfjof sums witliheld from pay- 
ments lo contractors. 

4.5 If the Prpiect is suspended for more than three 
months or abandoned in whole or in part, the Architect 
shall be pard for services performed poor to receipt of 
such nnltce from the Owner together with all termination 
expenses If the Project is resumed after being suspended 
for fpnre than three months, the Architect's Compensa- 
tion shall be subject to renegotiation 

4.6 Payments due the Architect under this Agreement 
shaM hear mtr'rest al the legal rale Commencing sixty days 
aftc»r date* of billing 



ARTICLE 5 
TERMINATION OF AGREEMENT 

5.1 Ihis Agreement mav be terminated by either party 
upon seven days wotim notice should the other party 
fail substantially to perfc.im in accordance with its terms 
thrruigh imi fault Of the jiarty initiating the termination 
In the event of termination due to the fault nl p.ulies 
other than the Architect, the Architect shall he paid his 
compensation for servues performed lo .termination date, 
including Reimbursable txpcnses, plus termination 
expenses 

5.2 Termination expenses are defined as Reimbursable 
Expenses directly 'attributable lo termination, plus an 
amount (ompnted as a per<enlage of the total conipensa 
tion earoe<l to the ttmr of li'rmmation as ftilUms 
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^ii |H'((t'ni iy \i'ft\\i(\Mnu\ oiiur^ durrn^ the ()i*Mgn 

UJ \HHvny \\ k*rn)ir>.ihcin u(t\jr^ Hurm^ tht* Con- 
si lut huh J^Dtumi-nls Plijsf. 
'i \n'(\ t*ry M U'rrnjn.ihon nc l urs durm^ jny subsi*- 
qurnt pU. 



ARTICLE 6 

OWNERSHIP OF DOCUMENTS 

Drjwin^s jnd Spt'cdiL jhon j\ instruments r)f ^ervire arc 
Ofuj ^h.ill rt'rnjrn the prtipcrty ot the AfChilett whether 
iho l*ri)|('tl (or whjch ihey are mjde executed or not 
Iliey jre nul Id l>t> usrcJ hy the Owner un Diher pruiecU 
nt t-xlrrtsuins lo Ihis INojei I entept by .»K'i'''nH'nt in writ- 
ing .ind wilh .ipprtipri.iif t unipens.ihon lo the Arihileil 



ARTICLE 7 



SUCCESSORS AND ASSIGNS 



by jH the pjrlie^ hereto Any consent lo jrbilratton m- 
voKin^ jn jdditionai pjrty or parties >hjll not constitute 
(On^ent to jihitrution of jny dispute not described there- 
in or with any pjriy noi njnned or described therein This 
Agreement to jrbitrjie jnd any agreement to arbilrjle 
With jn jddilionj) pjriy (h pjrtics duly consented lo by 
the parties hereto shall he speciticjily enforceable undci 
the prcvjihn^; jrbilfjiion |jw In no event shall the de- 
mand for jrbilrjiion be made jfter the djte when such 
dispute would be burred by the applicable statute of 
limilJlions The Jward rendered by the jrbitralors ^hall 
be final 



ARTICLE 9 

EXTENT OF AGREEMENT 

This Agreement represents the entire and integrated 
OKreemenl between the Owner and the Archjtcct and 
supersedes jH prior nrKOtutiohs. representations or 
.)Kr(-'cn>cnls. This Ajjreemeni mjy be jnu'nded only by 
writli'h inslrumr*nt signed by both ()wnr*r jnd Architect 



I be Owner jrid (he Ar(.hitet( e.tih binds himself, his 
p.irtner^. sU(.tessl)f^ assigns jnd legji represent. itives to 
the nltu't fi.irly (o litis Agreenienl and lo ihe pjrtners, 
sutiessurs, assi^rts jnd legji representjlu es of such other 
pjft\ with respecl lo jll covenants of this AgreemtJnl 
Neither the Owner nor the Anhileci shjH jsMgn his m* 
leresi m this Agreement wilhcjul the wrMlen consent of 
the other 



ARTICLE 8 

ARBITRATION 

Alt (taims. disputes and other mailers in question be- 
tween the parties lo this Agreement, arising out of, or 
relating lo this Agreement Or Ihe breach thereof, shall be 
decided by jrbitrjiion in accordance, with the Construc- 
tion Industry Arbilrjlion Rules of the American Arbitra- 
iMin Assonalion then oblatnTng unless the parties mu- 
IujIIv agree otherwise No jrbilrjiion, ansihg out of, or 
relating Id this Agreement shjil include, by consolidation, 
{oinder iir ir) jny oiher mjnner, ar^y jdditic^njl parly not 
J party to Ibri Agreemeni e>ici*pi hy written consent coh- 
taiittng .1 spt'f ifii relerenie lo this Agreement and signed 



ARTICLE 10 

GOVERNING LAW 

This Agreement shjil be governed by the law of the prin- 
cipjl pljce of business of the Architect. 

ARTICLE 11 



OTHER CONDITIONS OR SERVICES 




Ihis Agreomeni cxccutotl the day ami yt'ar first wrillcn above, 



OVVNfR 





AKCMUCCT 
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Unilateral or Bilateral Contracts 



Promises are either bilateral or unilateral; this is a funda- 
mental distinction and one which possesses practical impor- * 
tance • 

A bilateral promise is one which contemplates a promise in 
exchange for it. Thus, A promises to convey Blackacre to B 
for $50Q0 if B will promise to pay $5000 for the conveyance. 
A's promise is a bilateral promise because it calls for a 
promise from B. If B makes the promise asked for, his is 
also a bilateral promise because it is given in exchange folr 
a promise. / 



A unilateral promise is one which is given in exchange not 
for a promise, but for an act. A promises B $?5 if B will 
repair A's automobile; A's promise isunilateral because 
it calls for an act. The resulting transaction is one in 
which there is a promise only on one side. In a bilateral 
transaction, there is a promise on each side. 

The terms in question also are frequently employed to de- 
scribe offers; a bilateral offer is one which calls for a 
promise; a unilateral offer is either an offer of an act for 
a promise or an offer of a promise for an^act. 

Whether a given promise is bilateral, calling for a promise 
in exchange, or unilateral, calling for an act, is a question 
of fact. When the parties make their intent clear, as they 
may by the proper choice of language, courts have no alter- 
native but to honor that intent. In doubtful cases, however, 
the courts are inclined to say that a given promise is bi- 
lateral rather than unilateral. As a practical matter, bus- 
iness agreements almost universally are based upon bilateral 
Dromi ses . 



Enforceabi l ity of Contracts 

Promises, according to a common classification, are void, 
voidable, orval id. ^ 1 

A void promise is on'e which co-urts refuse to enforce. Courts 
will not, for instance, enforce a promise to commit a crime. 

A valid promise is a normal promise to which courts attach 
nornial consequences. 

A voidable promise is one made under su<:h circumstances that 
its maker .enjoys the privilege of escaping liability under it. 
It is a promi se , however, which courts will enforce unless the 
promi sor exerci ses his privilege to avoid it. The promise of 
an infant is an illustration of a voidable promise. ^ ^ 
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Li ens . 

A lien is the right given by law to a creditor to have a debt 
or charge satisfied out of the property belonging to the, debtor. 
A lien may entitle the holder (lienor) to have the realty sold 
whether or not the owner > des i res it. A lien necessarily arises 
from the relation of debtor and creditor, and, although the 
creation of that relation may have been voluntary, the enforce- 
ment is wholly free of the owner's consent or agreement. 

The right of a creditor to have his debt satisfied has its 
origin, under common law, in the use" of personal property. 
In early times, liens generally were recognized after time, 
effort, or goods had been expended by laborers, mechanics, 
or materialmen in the repairing or financing of another indi- 
vidual's personal property. The right to a lien, under common 
law, carried with it the right to "bond" or possess the per- 
sonal property until the lien was satisfied- In fact," if 
possession of the property was surrendered , the lien was deemed 
discharged, or legally lost. Indeed, in such instances, pos- 
session was more than nine-tenths of the law. 

The theory of possession was so . strongly entrenched under common 
law that even the earliest and most obvious liens on real pro- 
perty--those supported by mortgage debts--were not recognized 
as liens, unless title and possession were transferred to the 
lienor or creditor. This mortgage lien theory ,'al though mod- 
ified as to possession and control, is still adhered to in 
the mortgage " ti tl e" states , where the use of the mortgage 
deed is mandatory. 

The l*ien laws affecting real property, as practiced today, y 
have their origin in statutory provisions enacted by each 
state in the Union. Under these Taws, liens againstreal 
property are enforceable in one form or another, even though 
pos ses s i on control , or title remai ns with. the debtor, until 
physical and legal disposition of the property is made by 
the court. 

Liens are of two types: specific and^ general . 

A general lien affects all the property of the debtor. 
A specific lien affects' onJy a- certain piece or pieces of 
property. 

f • ■ 

The following liens are of the specific type: 

1 . Mortgages 

2. Taxes , assessments , and water charges 

3. Mechanic's liervs 

4. Vendee'sliens 

5 . Vendor ' s 1 i ens 

6. Surety bail bond liens 

7. Attachments ^ 
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General liens include: 

1. Judgments (state and federal) 

2. Decedent's debts 

3. Inheritance tax liens (state and federal) 

4. Corporati on f ranchi se tax liens. 



Mechanic's Liens . 

The mechanic's lien 4s purely statutory, having no origin in 
common law or equity. Lt may.be defined. as a security claim 
given by statute to^Hhose who perform Tabor or furnish mater- 
rial in the i mproveifren t of real property. Predicated on the 
principle of unjlist enrichment, laws have been enacted by the 
various state legislatures recognizing the claims of material- 
men and laborers, a^g-ainst the property to which they have added 
value. This ri ght ^^^o ^ m'echani o ' s lien is in addition to the 
right or act i on agai ns t the person who made the contract of 
employm-ent or purj^has^e. The lie^n is speci f i c , as i t affects 
only "the property benefited and is governed by the provisions 
of the statute under which the right is obtained. The entire 
subject of mechanic's liens is hi ghly_techni cal ; the laws vary 
materially in the different statiss; and everyone dealing with 
alterations or improvements to rfeal estate should secure from 
an attorney in his own communi ty \1 egaf advice as to his rights 
and obligations. 

Filing a Mechanic's lien . Mechani c ' s -1 i ens may be filed by a 
contractor, subcontractor, laboreA^ or niateri alman . The notice 
of lien must be filed during progress of the work and the fur- 
nishing of the materials or within'a specified period (generally 
three months) after completion of the contract, final perfor- 
mance of the work, 'or final furnishing of materials. A mechan- 
ic's lien is usually asserted through the filing of a notice 
of the claim with the county clerk. This notice must be under 
oath of the lienor or his agent and must set forth the claim 
in detail and substantially in form a^ follows: 



Claim of U«n 
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STATE OF , ^ 

coiiNTv or 

lU foif nit\ the tmtlersigned authority, personally appeared . ^ . , 
who hcing duly sworn, says diaf he is the lienor Iicrcin [or (agent) (attorney) 
ol the lienor herein] . ; ... . i , whose address is ^ ........ h«» .. % 

r »• and (Iiat in pnrsitance of a contract with • ... . li... . «. 

.... lienor furnished lahor, services, or materials consisting of 

^. , ^ , on die foUowMn)^ described real property in 

County, of * . ♦ . ... - f State, owned by 

of a total value of $^ . » ^ . t r ♦ . of which there remains 

unpaid S*. ^ anti furnished the first of the same on . . 

10...^, and the last of the, same on , . • . ^ . . 19..., and (if the lien is 
claimed by one not in privity— direct contact— with the owner) that the lienor 
served his notice of claim to owntr on • 19.,., by • 

.Sworn to and sid)scribed before me this day of ^ 
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In many states, in order to perfect the righ]: to a mechanic's 
lien claim, the statutory regulations provide for the recording 
of a notice of comm^encemen t of contract work with the clerk 
of records and for the posting of a certified copy thereof on \ 
the premises. Such notice identifies the- parties involved, 
the property af f ected , * and the work to be performed. Where . 
such constructive notice is mandatory, work, that is, the im- 
provements described, must be commenced wi thi n a stipulated 
time (generally thirty days); otherwise such notice is void 
and of no' legal consequence. 

The right to file a mechan i c "s 1 i en is given not only to the 
contractor dealing directly with the owner of the property, but 
also to the subcontractors. In Massachusetts, Pennsylvania, 
and several other states, the owner's property can be held for 
materials and labor supplied by a subcontractor in accordance 
with the provisions of the original contract. The law imposes 
upon the owner the obligation of seeing that the subcontractors 
are being paid by the general contractor, in order to avoid 
liens upon his property and additional costs for the work per- 
formed. In most states the law is that the subcontractor is 
entitled to a lien on the property by virtue of his subrogation 
to the rights of the contractor- i n-ch i ef . Subcontractors under 
this rule can hold the owner ' s , property only for the amount due 
under the^^ain contract--the one to which the owner is a party.' 
If however, the main con-tract calls for installment payments-- 
that is, payments at certain periods or at certain stages of 
the work--and the owner anticipates these payments, he may be 
held by subcontractors for t^he amount so anticipated. They 
can rely on his making payments only according to schedule, 
and he deviates therefrom at his peril. Owners may also be 
held for payment of work done on their property with their 
consent and approval, either expressed or impT^ed, even though 
the contract for the work was made by some other person, such 
as'a tenant. The owner is not liable, however, for work done 
by a tenant without his knowledge or consent, nor is a remain- 
derman usually liable for work done by a life tenant, and in 
such cases liens cannot be enforced agai-nst the owner's or 
remainderman's property. , .. 

In New York State, orders on payment (assignments of money due) 
are often encountered in connection with building loan mortgages. 
Althoug'h not creating a lien when filed, they nevertheless should 
not be ignored. Because a mechanic's lien, subsequently filed, 
might be superior to all advances made after the filing of the 
order, the lender is wise to insist that it first be satisfied 
and discharged of record. 

Prot e ction Against False Claims . To protect the owner frtfm 
false claims by subcontractors with whom the owner is factually 
or legally not "in pri vi ty" , statutory requirements make it man- 
datory for such- lienors to serve a notice on the owner either 
before commencing the furnishing of services or delivery of 
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materials or within a specified time (thirty to forty five .days 
in most jurisdictions). To further safeguard the owner against" 
claims of liens subsequent to meeting specified contract pay- 
ments, the owner, as a rule, has the right to withhold the 
* final payment (10 percent or more of the contract price) and 
to ^rjequire the general contractor to furnish an affidavit 
stating that all subcontractors 1 aborers , and materialmen 
have been paid in full. The furnishing of SJU.ch affidavit is 
generally ai prerequi si te to the i nsti tution -of any suit to 
enforce a claim of lien. Unl es s enforced as noted below, 
liens expire, after a lapse of one year, unless renewed for a 
further period by court order. The filing of the lien gives 
notice of it to all dealing with the property, and is good 
against all except those whose rights are prior as shown by 
the public records. The lien is not affected by unrecorded 
instruments and takes precedence over a deed or mortgage given 
prior to, but not recdrded until after, the filing of the lien. 

A mechanic's lien is enforced by foreclosure. The fore^'osure 
is a legal action against the owner and those whose clamg^ 
against the property are inferior to the lienor's. A judgment 
of the court in favor of the lienor orders the sale of the 
property by an off.icer of the court, the payment into court of 
the moneys realized at such sale, a marshaling of those claims 
against the property that have been affected by the foreclosure 
_^and a payment 'of the claims in their proper order. 

The right to file a lien is an important one to mechanics a^rf 
materialmen. They can ascertain the .ownership of the property 
from the public records and can also find^^amount of mort- 
gages or the liens against it. This information assists them 
in determining whether or not to extend credit to the owner of 
the property. With due care, losses through bad debts can be 
kept to a minimum. Some states give greater protection to 
mechanic's lien claima^nts tha-n others. Most states, however, 
> follow a middle road, f avori ng nei ther the mechanic's lien 
\ claimant nor the mortgagee. In states such as Illin*ois, Maine, 
and Massachusetts, where mechanic's lie-ns are offered. the 
greatest protection, objections may be raised on the grounds 
that such stringent laws discourage building operations, es- 
pecially those of a speculative kind. New bui Vdi ngs are often 
financed by means of building loan mortgages. I-t is reasonable 
to assume that mortgagees will nqt be attracted to the buildiijg 
loan market should they find that the law protects the mechan|[,c 
lienor to the mortgagee's detriment. 

The filing of mechanicals liens against a building in course of 
construction may or m^ay not be an indication of the- inabi 1 i ty 
0^ the owner to meet his obligations, because frequently con- 
tractors and materjjilmen file liens for protecti on agai ns t the 
possibility that other claims may arise during the course of 
construction. The important thing for all persons interested 
in the operation is to get the building finished. It is then 
capable of producing aifl income and is more readily salable. 
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Building loan mortgages are advanced from time to time during 
cons tr'ucti on , and in some states (Nev/' York , for example)' ad- 
vances made by a mortgagee before mechanic's liens are filed 
are prior" in lien. to the claims of those who performed the 
work, and- furni shed the materials. Cessation of work on the 
btiflding often results in a foreclosure of the building loan . 
mortgage and a consequent loss to the contractors. 

R,ights- o f Li enors and Others . The construction of a npw build- 
ing, or the making of any other improvement to real property, 
causes to arise certain legal rights and duties of the parties 
involved. The principal parties are the owner, the contractor, 
and thd mortgagee. All of these righ.t.5 and duties are clearly 
defined by the statutes of the several states and should be 
famil.iar to th« parties or to those who act for them. The 
owner (of the one. in possession, ordering the work^, as in^the 
case of work done for a tenant) must See ^that he Irves up to 
the provisions of the contract, especially those concerning i 
payments, and must take notice of subcontractor's claims when 
legally brought to hi s attSnti on . He must ascertain the pro- 
visions of law regarding ctny money he ^receives from mortgages, 

►some laws being very specific in disposing of his duty toward 
such moneys. The laws of ^several states provide that all moneys 
advanced to the owner are trust funds that will be used exclu- 
sively for the payment of contractors and materialmen. "The 
contractor , that is, the one who does the work or furnishes the 
materi al , " shoul d safeg^rd his rights by-complying with the 
statute should it be necessary to file a notice of his lien. 
He must also recognize the rights of other lienors and the duty, 
or advantage it may be to him, of acting in conjunction with . 
them for the protection of all. The law may pj'pvide that the * 
job. may be taken ^over and finished by the Henors, in view of 

'the advantage* of such action to all in interest. Mortgagees 
must exercise care that all papers in connection with their^ 
loans are properly prepared and filed, that advances are made \ 
duiring the course of construction in accordance with -the agree- 
lent^^^r the loan, and that careful attention is given to all 
a^cTual and constructive notices of mechanic's liens. One in-- 
tent of a mechan i c ' s 1 i en law is to compel , a^s far. as possible,^ 
t,he applicatio,n of mortgage money to the fj^ymeqt of the cost ; 
of-the improvement for which i^t was advanced, « ' * 

Dischar ge of Mechanic's" Lien . ' A ""mechanic ' s lien in'^most states- 
^may "Fe discharged or become naneffective as follows: 

1. By payment, and by a ^cert i f i ca te or satisfaction piece ex-.' 
^ ecuted and acknowledged by the lienor and duly filed in 
' the' county clerk's office. ' < ^ 

Z. By expiration, w-hich trcipurs after the lapse of a certain 

period of time , ag^neral ly one or two years affer filing^, - 

ifnless an action to foreclose it or an action to foreclose 

a mortgage on the property has been begun within that period 
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" 3. By an order of the court vacating or canceling the lien for 
neglect to prosecute it. This order may be obtained by 
service of notice by the owner on the lienor requiring the 
lienor to commence an action to foreclose the lien within 
a specified time, not TeSs than thirty days. The claim of 
t he" >i enor may be disputed by the owner, and he may take 
this course in order that the claim may b^e tried in court, 
or ,the lien canceled. If the courst order is obtained, 
the record of the lien will be marked "Dist:harged by Order 

of the Court" . , . 

„ ■■ " ■*<i _ • " 

4. By filing of a bond approved by the court. The bond may be 
th^t of 'two or more personal sureties or of a surety company 
The record of the lien is marked "Discharged by Bond",' the 
property is'^freed from the lien, and the lienor has recourse 
to the bond. 

5,.. By deposit of money into court. Before an action is com- 
menced on a lien, .the amount claimed with interest to date^ 
of deposit may bedeposlted with the county clerk. After 
an action has been commenced, the amount deposi ted" shal 1 ^ 
be such a sum as in the judgment of the •couV't will cover 
the amount of any judgment that noay be recovered in the 
action. The lien is marked "Discharged by Payment". 

other Specific Liens 

* ' ^- 
Vendee's Lien . When the seller (vendor) defaults, the pur- 
cha-^ser (vendee) has ,a lien for the money paid unde.r the, con- 
tract of. sale. Jhe lien also extends to $ums spent by the 
purchaser in imprqvi ng the premises but does not include the 
cost of, title examination. For that reason this item^is often 
made a lien by the terms of the Contract. Being an equitpble 
lien, it is enforceable by foreclosure. 



Vendor's Lien 



A 



vendor's lien is also an equitable lien, -one 



of the first to be recognized by most states, 
the sel 1 er^ conveys a piece of real property to 
and does nojt receive tl^e entire purchase price 
The seller has a lien for the unpaid balance. 



It arises when 
the purchaser 
at that time. 
Foreclosure is 



the means of enforcing the li^R,'but such 
to those that the seller may have at law. 



remedy is in addition 



Attachments . Another form of lien on real property is the. at-, 
tachment, which i^sT a statutory privilege given to plaintiff 
or complainant in the courts in an action for money ' damages 

any judgment is procured. In some states every plain- 
every. action may file an attachment against the defend- 
Most states ,. however , give the plaintiff this 
forspecific cause: generally for the nonresi- 
or his removal, or .threatened irenioval, 



before 
tiff in 

ant's property . 
privilege only 
dence of the defendant , 



of property from 
bas i.s of a f al se 



the state, or for his obtaining credit on 
financial statement made in writing. By 



the 
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filing an attachment, the plaintiff in, the action virtually 
insures himself that there will be some property out of which 
the judgment could be paid- if the action is successful. ^' 

In order to protect the defendant, the plaintiff obtaining the 
writ of attachment must file a bond in writing that iflthe de- 
fendant wins, the plaintiff will pay all- costs and damages that 
the defendant may suffer because of the attachment. 

An attachment, once file, Jasts until the action has been dis- 
posed of. If the plaintiff wins, the lien of attachment is 
discharged. If the defendant against whom the attachment lien 
has been filed wishes to sell his property duri ng the pendency 
of the action, he may file a bond equal in amount to the 
plainti^ff's demand, plus costs. The county clerk would then 
mark the attachment lien "Discharged by Bond". 



General Liens 

Corpor a tion Franchise Tax . In most states every corporation 
is taxed annually on its franchise, or right to do business 
in the state. There are various methods of computing the 
amoimt of the tax. It is usually based on the amount of capi.tal, 
or capital stock, or net income of the corporation. The tax is 
a general lien on the property of the corpora ti on and can be 
enforced against it. 

J udgm e nts . A judgment is the determination of the rights^ of 
parties through an aetfon at law. It may originate in either 
state or federal courts. Not all judgments are money judgments, 
but only those that give a money aweird are considered here. 
Judgments for the fJayment of money, when properly docketed, 
become general liens on all property of the debtor. The judg- 
ment docket is the book or register kept by the county clerk in 
which is entered a record of all judgments of which the clerk 
has been furnished with a transcript. The docket is arranged 
alphabetically according to debtors. ^When a search is made for 
liens against a property, it is important to examine the judg- 
m-ent docket to see if there are any judgments against those 
who now own, or for a certain time prior have owned, the pro- 
perty. % 

A judgment is enforced by execution amd by the sale of any 
prop§rty of the debtor that may be found. Execution is a^writ 
-^directed to the sheriff, the executive officer of the court. 
This writ authorizes him to* se^ize the debtor ' s property and to 
sell so much of it as may be required to pay the judgment plus 
i'nc^idental expenses. The property may be real or personal.,. 
If there is real property apparently owned by the deb^tor, the 
^heriff, after legal advertising, off&rs to the highest bidder 
al>of the debtor's right, title, and i nteres t of , > i n and to 
the property. This interest may be subsrt^^anti al or it may be 

• . ■ . ■ . 
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-nominal, or even nothing at all. The buyer at such a sale 
ascertains this at his own risk before making a bid. Wh^t 
is of interest in this di scussion i s that the judgment is a 
lien on the debtor's real property and that such property may 
be sold against his will by an officer of the court. 

A judgment, as a lien on property, attache^ in some states when 
rendered, in others when recorded or docketed, and in still 
others* upon issuance of the writ of e/ecution. The lien at- 
taches to all land held. by the defendance and r^emains in effect 
for a statutory period of time, generally about ten years after 
the date when the judgment is perfected. Under certain circum- 
istances the lien may be renewed, but we seldom find this don^^. 
If. the debtor pays a judgment, he is entitled to a formal re- 
ceipt called a satisfaction piece . This satisfactipn piece 
is filed wrth the cdunty clerk, who, upon its* receipt, marks 
"Satisfied" against the record of the judgment on the docket. 
Many judgments , after being obtained in a lower courts are 
reversed on appeal %o a higher court* Pending the appeal 
the debtor may fi^!?^^^^ approved by the court, in order 

to free his propef.^y f rom the lien df the judgment. The 
judgment. in such a^cas'e is marked "Suspended on Appeal". 
Judgments obtained in any federal court, as a rule, must be 
docketed in, the county wherein the real, estate .<>is situated 
in order to effectuate the lien of the, judgment tfiereon. 



Pr_i^o r i ty o f L i en s ^ ' 

The usual ruleas to prioriti of liens is that they rank in 
the order of their filing or recording in the office of the 
proper officials. A mortgage recorded yesterday has prece- 
dence over one recorded today , and both are prior in lien to 
a mechanic's Tien that may be filed tomorrow, unless by its 
terms the mortgage is made subordinate thereto. In many states , 
however, there is no priority as among mechanic's lienors, 
even though the liens have been filed at varibus times during 
the course Df construction. As to judgments, there is an ex- 
ception to the piJe of priority liens: a judgment is not good 
against the ritfnts^^of those claiming under a deed or mortgage 
actually delivered/before the date o^ docket of t he . j udgment , 
even though the deed or mortgage has not »been recorded. The 
reason for this exception is that the recording laws protect 
innocent purchasers and mortgagees for value, and such, it may 
be presumed, are those who h*old the deeds and mortgages. Th^y 
parted with value when the deed or mortgage was delivered td 
them, and they relied upon the record title in doing so. The 
same would be true of a purchaser who had a contract to buy 
but had not yet received his deed. The creditor wh.o secures, 
a judgment does so regardless of what a debtor may^br may 
not own; he asserts an existing claim in an action at law, 
and when he secures his* judgment it becomes a lien on what . 
the debtor actually owns at that time. It must c^f course be 
recognized that deeds and mortgage-s given or contracts en- 
tered into to defraud creditors may be set asidei^ and that 



lX-S-375 



reference is here made only to those giveh in good faith /or 
value. It must also be noted that the lien of all taxes and 
assessments imposed by aay governmental authority is superior 
to every other lien regardless Of the date of the lien or its 
record4ag. Of course, the relative rank of any two or. more 
liens can be changed by agreement between the holders of them. 
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